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ABSTRALT

A detailed analysis was made of the interaction of substrate par-
ticle size and other habitat variables and their relation to the micro-
distribution of benthos in a Montana spring-stream. The 0.7 km head-
water section was chosen to minimize variation in some of the factors
{temperature, discharge, water chemistry, differential shading) which
potentially may indirectly influence microdistribution. A sampler was
designed to collect both the benthos and the substrate within 0.049 ml,
A total of 143 samples were collected biweekly over nine months. Fach
sample was processed to determine quantities of {1} each of the nine
prominent insect genera in the stream, {2) each of the three macrophytes,
and {3} substrate in sach of 14 designated size-classes.

Data were processed using a computer-programmed multiple regression
analysis. Independent variables inciuded for sach sample were the depth,
microcurvent, specific location of the sample in the study area, three
factors of time to compensate for seasonal variations, and several
measures of substrate size distribution. The latter included percentiles,
percentages in each size-class, shortness of the outer and inner quar-
tiles and outer deciles, mode and mean substrate size, and sample weight.
t statistics were used to determine the explanatory power of individual
Independent variables, while F statistics and 7 tests were used to deter-
mine the explanatory power of groups of variables.

The mean substrate distribution by percent weight was a bimodal
curve with the much smaller mode corresponding to the smaller substrate
sizes. The most significant substrate veriables were those correspond-
ing to the smaller sizes: the 10th and 25th percentiles (to 11 of the
13 insect taxa), the Towest percentile group {0.25th, 1st, 5th, and 10th
percentiles; % taxa}, and the shortness of the lower decile and lower
quartile (€ taxa). Six insect taxa were significantly positively corre-
lated to the moss (dmPlystegivm roteropkilum), but the few significant
relations found to the watercress (Rorippe nacturtium-aquaticum) and
the pondweed (Zamnichellia paiustris) were negative.

It was deduced that the deposition with time of smaller substrate
particles was a good indicator of a corresponding deposition with time
of detritus and other food material. Those microhabitats physicaily
most suitable to insects are those with at Jeast some larger particles
to provide stability and a greater variety of habitat space. It was
further deduced that areas which contain larcer particles and were also
receptive to deposition of smaller particles promoted the development
of a satisfactory food regime. This resulted from not only the



X

deposition of food particles but also the availability of favorable sub-
strate for growth of algae and macrophytes, and the resultant congrega-
tion of prey species. It was concluded that the precise distribution

of food in micrchabitats was both reflected by and affected by substrate
size compesition, and food was thus the most critical factor influencing
the microdistribution of organisms in this stream.
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grouped, in gener
along a stream’s course or between adjacent streams {"macrodistribution"),
and distribution within limited, generally superficially homegeneous,
portions of a stream {"microdistribution”). Microdistributional

studies are of interest because organisms tend to be nen-randomly dis-

tributed even within small

Usinger 19%6). Such non-random distribution can be attributed fo vari-
ation of envirommental factors among microhabitats or to the behavior

[ y]
45
[

of the animals themselves {Allen 19
Environmental factors attributed to influencing macrodistribution

of various organisms include erosion -- deposition {Moon 1939), water
b H

o

temperature {Ide 1935, Sprules 1947, Armitage 1961, Kamler 1965%,
chemical composition of the water (Ricker 1934, Armitage 1958), and
aufwuchs concentration along a stream's course {Stadnyk 1971). While
extremes of these factors beyond the 1imits of tolerance by organisms
may Timit distribution along a stream’s course (Jaag and Ambiihl 1964},
the factors generally become winimally significant, and can be con-
sidered to exert uniform effect, within given small sections of a
stream (Cunmins 1964, Cummins and Lauff 1969). Environmental factors

atiributed to influencing microdistribution, researchers making signi-

ficant contributions, and the groanisms considered, are summarized in



Table 1.

Substrate size is freguently considered to be the most significant
factor influencing microdistribution of stream benthos {Table 1)
because it interacts with current velocity, plant growth, and food
deposition, as well as provides suitable habitat space for foraging and
protection. Cummins (1962, 1964, 1966), Cummins and Lauff [196%}, and
Thorup (1966) also state that the substrate size distribution at each
sampling site can and should serve as the common denominator in ecologi-
cal studies of stream benthos because it can readily and precisely be
measured, as opposed to the continuous variety of microcurrents and
precise Tocation of food. In characterizing substrate size however,
virtually all researchers {Cummins excepted) have usad some form of
phenotypic (superficial appearance) description of substrate as it
varies from place to place, or at most, have measured only the iargest
particles. Since this type of analysis necessarily reguires considera-
tion of larger sections of a stream and thus says Tittie about the pre-
cise substrate size composition where the organisms are collected,
Cummins feels it is necessary to collect the substrate along with each
individual sample to precisely assess its influence on microdistribution.

In addition, the specific factor or factors chosen for considera-
tion in many stream benthic microdistributional studies have been con-
sidered in areas where variations in other factors potentialiy inter-

acting and influencing microdistribution have been ignored. Allen {1959}
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suggests that a more promising approach 1s to study these factors over
superficially more homogenecus areas, aithough it presents greater
technical probliems in making precise measurements and interpreting the
results. Ulfstrand {1968} suggests that new experimental approaches
are necded.

Consequently the purpose of my study was, first, te consider pre-
cisely the relationship of substrate particle size to benthos distribu-
tion within a superficially homogeneous section of a stream where the
variability in many of the other factors, especially those which may
potentially influence microdistribution indirectly, were minimized.
Secondly, the purpose was to analyze in detail the interrelationships
between all factors which appeared to vary significantly within the

study area and their relationship to benthos distribution.



DESCRIPTION OF STUDY AREA

The headwaters of Blaine Spring Creek (45° 13' N, 111° 47-1/2' W)
was selected for this study. It is a tributary of the Madison River
(Missouri River drainage), 16.1 km south-southwest of Ennis, in Madison
County, Montana. The stream is formed by the discharge from two adja-
cent springs (Figure 1). The water from both springs converges a short
distance downstream and from here the stream flows southward to a point
just north of the Ennis National Fish Hatchery where it is diverted
underground. The study area selected was the 0.7 km section from below
the springs (above the convergence) to just above the underground diver-
sion. Elevation of the springs is 1701 m and the average gradient of
the study area is 26 m/km. Average width and depth of the study area
below the convergence are 5.4 m (range: 3.0-6.4 m) and 0.26 m (maximum:
0.51 m) respectively. Current velocity below the convergence averages
0.83 m/sec. Discharge from the springs is constant at 0.94 m3/sec
(unpublished records, Ennis National Fish Hatchery). However, small
quantities of water are removed below the south spring above section 3
(Figure 1) for hatchery use, and from the reservoir near the middle of
the study area (above section 6) for irrigation during the summer
months.

Substrate particle sizes are well-diversified throughout the study
area except at section 1. Except for occasional large cobble (128-

256 mm), the largest particles consistently encountered are small
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cobble (64-128 nm). Most of the substrate below the north spring (sec-
tion 1) consists of layered marl and rubble, with progressively much
less quantities downstream through section 2. No marl occurred within
the remainder of the study area.

A preliminary survey of water chemistry using standard methods
described by the American Public Health Association (1965) showed no
differences in the quality of the water discharged from the two springs
or longitudinally along the study area. Conductivity was 440 umhos.

The principal cations were calcium (2.7 me/%) and magnesium (1.5 me/L),
with minor amounts of sodium (C.13 me/%) and potassium (0.04 me/2). The
principal anions were bicarbonate (3.0 me/%) and sulfate (1.3 me/L),
with a trace amount of chloride (0.05 me/%&). Variation of temperature
both seasonally and downstream trrough the study area is minimal; the
extremes measured during the sampling period (July 1969 - April 1970)
were 13.0° (August 9, 1969) and 11.9°C (January 10, 197C).

The only deciduous vegetation alcng the stream within the study
area was a few willows near the Tower end. These did not appreciably
shade the stream, and virtually no allochthonous detritus appeared in
the samples. Vegetation within the streem itself was principally moss
(Amblystegiwn noterophilum) and watercress (Rorippa nasturtium-
aquaticum), the latter being confined mainly near the shorelines. Small
quantities of a horned-pondweed (Zannichellia palustris) and filamentous

algae were also occasionally fcund. Most of the vegetation in the



-G~

springs above the study area was removed by a hatchery crew on 15 Sep-
tember 1969, some of which probably drifted through the study area.
Likewise, some of the vegetation from the study area itself was removed
between 29 October and 11 November 1969.

The headwaters of Blaine Spring Creek were especially suitable for
this study because, though there was considerable diversity of substrate
particle sizes, there was minimal variation in some of the other factors
(temperature, discharge, water chemistry, shading) which may at least
indirectly influence microdistribution of benthos. In addition, the
stages of development of the insects in this area had little variation
within species, thus minimizing effects of differential behavior.
Because the study area was a headwater section, no drift of organisms
was possible from above, and it was speculated that more mature forms

of many insects tended to drift out of the area.



METHODS AND MATERIALS
Field

A sampler designed by myself for this study (Figure 2) was used to
simultaneously collect both the organisms and the substrate at each
sampling site. It consisted of a metal cylinder mounted at one end
through a circular plywood platform. A section of foam rubber with the
same dimensions as the platform was glued to its bottom. A hole the
same diameter as the cylinder was cut into the center of the foam. Two
smaller cylinders were glued with epoxy into the larger cylinder
opposite each other and slightly above the platform. A flange was
attached with epoxy around one of the smaller cylinders to hold a net
tied to it. The net used in this study had 36 threads/cm (<0.25 mm
openings).

The principle of the sampier was to seal off a sampling site from
the surrounding substrate and influence of the current. However, cur-
rent was allowed to flow through the sampler through the two smaller
cylinders to sweep dislodged suspended material into a net. A bucket
with a tripod stand (Figure 2) was used to hold material scooped from
within the sampler.

The study area was divided into 8 sections (Figure 1) to facilitate
systematic sampling. One sample was collected from each section bi-

weekly between mid-July 1969 and mid-April 1970. Specific sampling
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sites within each section were selected using a biased-random procedure
(Cummins 1962) to assure wide variation in both substrate size composi-
tion and amounts and species of vegetation. Once selected, a site was
marked by placing the bucket-stand immediately downstream from it.
Water temperature was measured at the site to the nearest 0.1°C with a
Taboratory thermometer. Current velocity was measured with a Leupold-~
Stevens midget current meter. Readings in number of revolutions for
one minute were made 2 cm above the substrate by placing the end of the
meter onto the stones or as close to the vegetation as possible at the
center of the site. Depth was recorded from the scale on the current
meter rod. All presampling operations were made by approaching the
site from downstream.

The sampler was pressed into the water immediately upstream from
the sampling site to compensate for its downstream drift. It was
immediately seated on the sampling site by kneeling on the platform
with one knee on either side of the main cylinder. Thus positioned,
the platform abutted two legs of the bucket stand which prevented
shifting of the sampler. The enclosed substrate was initially agitated
and rubbed to dislodge the larger masses of vegetation and most of the
invertebrates. These organisms, along with most of the finer sus-
pended substrate material, were carried into the net. No attempt was
made to disiedge all organisms at this time because it was desirable

to complete the collection within a few minutes to avoid excessive
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erosion of the substrate from beneath the foam rubber. Substrate
particles along with the remaining organisms were then scooped by hand
from the sampler into the bucket. All loose substrate not exceeding
a depth of about 15 cm was removed. Firmness of the substrate prevented
removal to this depth in most cases however, and it was thus assumed
that most organisms could not have penetrated beyond this point. After
water in the sampler had cleared, the net was removed and placed in the
bucket. The sampler was then taken from the stream followed by the
sample.

Contents of the net and bucket for each sample were immersed in
5 percent formalin and stored separately to evaluate the efficiency of
the agitation procedure in sweeping organisms into the net. Cobble too
large for storage containers were scraped of organisms, placed in paper

sacks and labeled.

Laboratory

The objectives of the laboratory procedures (Figure 3) were to
determine the number of insects in each genus, the dry weights of each
species of plant, and the weight of each size-class of substrate in
each sample. Net and bucket portions of a sample were quantified
separately. Since the net portions contained only fine substrate, it
was possible to eliminate some of the intermediate steps shown in

Figure 3. It was necessary to divide the bucket sample, which generally
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Figure 3. Lab procedures used in processing preserved samples to obtain the dry
weight of each plant species, the number of insects in each taxon, and
the weight of each substrate size-class.
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contained 4 to 8 % of substrate into smaller portions and process each
separately.

An elutriator was constructed for separating less dense material
(invertebrates, plant fragments, and the occasional detritus) from the
denser substrate. Its design was similar to that described by Lauff
et al. (1961), except that a 64 mm rather than a 51 mm diameter drain
spout was used, and the main column was extended an additional 15 cm
above their specified 60 cm height. The largest substrate particles
from the sample were first removed individually and scraped of vegeta~
tion and insects, Portions of a sample were then washed individually
into the elutriator through 13 and 9 mm sjeves to further cull out
larger particles. The elutriation procedure used was similar to that
described by Lauff et al., though after a few trials it was found more
efficient to agitate the material at the bottom of the column not only
with air injected through the bottom but also with a jet of water from
the top which simultaneously filled the column. The sample portion
was agitated, drained of the suspended material and reagitated a mini-
mum of four times.

Five soil sieves were used to collect the suspended material from
the elutriator and to roughly grade plant fragments and invertebrates
for easier recognition and separation. Material on the larger sieves

was washed into a gridded enamel pan, while that on the smaller sieves
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was washed into a flat-bottomed glass dish. Material in the dish was
examined over a light table which consisted of an 11luminated glass
plate on which was drawn a 5 cm grid. The grids allowed the entire
sample to be systematically examined a small portion at a time.
Because of their small size, nearly all of the invertebrates in both
the pan and the dish were removed with an aspirator. The aspirator
was used with pipettes with tips of various constrictions depending
upon the size of invertebrates being removed. Plant fragments were
separated from the fine substrate particles unavoidably elutriated by
carefully decanting the water and plants from both the pan and dish
into a fine-mesh net.

The large masses of vegetation removed in the pre-elutriation
procedures (Figure 3) plus fragments gathered in later sorting pro-
cesses were teased apart over the light table to remove the remaining
invertebrates and separate thewb1ants into species (Table 2). Plants
were placed on filter paper, dried initially over a drying table
(metal trays placed over several Tight bulbs) and then in a drying oven
at 100°C for 6 hours, and weighed.

The invertebrates were placed, a portion at a time, into a
gridded enamel pan partially filled with water. The nine most numer-
ous invertebrate taxa {Table 2) selected for counting were insects; all
of the other insects and invertebrates combined numbered less than any

of the genera counted. Because virtually all of the insects were small
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Taxa from Blaine Spring Creek analyzed in this study.

Bryophyta (Musci)
~Amblystegium noterophilum
{aquatic moss)

Plecoptera (stoneflies)
Perlidae, Acroneurinae
~Aeroneuric pacifica
Perlodidae and Nemouridae
-"other stoneflies”

Trichoptera (caddisflies)
Hydroptilidae
~Oehrotrichia sp.
Rhyacophilidae
~Fhyaecophila sp.
-Glossoaoma SP.

PLANTS

Tracheophyta (Angiospermae}
~Rovippa nasturtium-aquaticum
{watercress)
-Zarmichellia palustris
{horned-pondweed )

INSECTS

Ephemeroptera (mayflies)
Baetidae

Ephemerellinae
~Ephemerella infrequens

Baetinae
-Boetis sp.

Leptophlebiinae
-Peraleptophlebia Sp.

Coleoptera (beetles)
Elmidae
~Optioservis Sp.
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and relatively immature, it was necessary to examine the sample under
2X magnification while counting for positive recognition of genera.
Also, because of the difficulty in recognizing and counting the
immature stonefly nymphs in large quantities, all stoneflies other
than Adcroneuria pacifica were tabulated together. Most of these in
the "other stoneflies" group (Table 2} were Iscperla sp. though
Nemoura sp. occurred occasionally.

The substrate size classification used in this study (Table 3) was
modified slightly after Cummins (1962, 1964), who in turn broadly modi-
fied the standard Wentworth classification of particle sizes. With
the 2 mm class as the base, the minimum sizes of succeedingly larger
and smaller classes are the function of the exponents 2 and 1/2 respect-
ively. The phi (@) scale used to designate each class is the negative
Tog to the base 2 of the minimum size of each class. Because sieve
sizes 8, 16, and 32 mm were not locally available for this study, each
of these corresponding minimum sizes for their respective classes was
bracketed by sieves of adjacent sizes (Table 3).

The entire substrate sample was completely dried over the drying
table. A 128 mm wire frame was used to sort out the larger from the
smaller cobble. The remaining substrate sample was partitioned and
shaken a small portion at a time in order not to overload the sieves.
Each portion was first shaken through the four largest sieves (64-

18.9 mm, Table 3) with a hand-operated portable sieve-shaker for 0.5
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minutes. This period of shaking was adequate for sorting substrate
through the sieves larger than 2 mm. The substrate collected in the
bottom pan was then shaken through the next four sieves (13.3-4 mm)
using the same procedure. The substrate then collected in the bottom
pan (<4 mm) was shaken for 15 minutes through the remaining six sieves
(2-0.062 mm) using a motor-driven sieve-shaker. The contents on each
of the 14 sieves plus that in the final bottom pan (<0.062 mm) was
weighed to three significant figures. The weights from the individual
portions of the sample were summed to give the total weight per sieve
for each sample. For those size categories where the sieves needed
were not available (8, 16, and 32 mm), the total weights of the sub-
strate on each pair of sieves used to bracket the minimum class size
were partitioned {Table 12) according to the linear distance between

the size of each sieve and the minimum class size.
Data analysis

A multiple regression analysis computer-programmed by Dr. Richard
E. Lund of the Department of Mathematics, Montana State University,
was used to evaluate the relationship between both macrophyte quantity
(weight of each species and total weight) and insect numbers (tabu-
lated according to class, orders, and genera), and the habitat para-
meters measured for each of the 143 samples (one sample of the

144 collected was discarded). In addition, the quantity of each of
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the three macrophytes was considered an independent variable in rela-
tion to the insect numbers, but as a dependent variable in relation to
all of the other independent variables. The other independent variables
included for each sample were: current velocity; depth; a dummy vari-
able indicating whether or not filamentous algae was mixed with the
macrophytes (in 15 of the 143 samples}; linear, quadratic and cubic
factors of time to account for seasonal variations; dummy variables
representing each stream section to account for unrecognized variability
longitudinally along the study section not accounted for by measured
variables; and several measures of substrate size composition. The
Tatter (though not all used in one regression model) were the percent-
age quantity in each size-class, percentiles (0.25, 1, 5, 10, 25, 50,
75, 90), the shortness of the inner guartile and the upper and lower
quartiles and deciles in phi units, mean, mode size-class, and total
substrate sample wejght as a rough index to available habitat space.
Statistics produced (see Table 16 for examples) were the variable
means, simple and partial correlations, regression coefficients,
standard errors, ¢ and F values, intercept, F-squared, and ANOVA
(analysis of variance).

The initial regression models programmed were used in conjunction
with the correlation matrix of all variables to determine, first, if
the group of independent variables used initially were significant, and

second, to elucidate which of the variables were most significant
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Successive models were developed eliminating those independent vari-
ables which were not significant to the majority of insect taxa. In
some cases, variables were significantly correlated to various taxa
when considered independently (simple correlation coefficients), but
insignificant when considered with other independent variables in the
multiple regression analysis. Correlation between the independent
variables themselves is thus indicated. It would have been possible
to develop refined models for each individual taxon had time and
finances permitted. However, the ¢ values are, in most cases, ade-
quate indicators of significance for those variables included only in
the initial models. In a few cases, ¢t values for the same independent
and dependent variable combination varied considerably between regres-
sions, depending on the multi-colinearity of the independent variables
included in the particular multiple regression models. Twenty-three
different models were programmed before a final regression model was
chosen as representative for the majority of insects. Most of these
models were necessary to develop and refine parameters describing seg-

ments of the substrate-size distribuytion.



RESULTS
Corvelation coefficient watrix

The correlation matrix {(Table 4) Tlists the coefficients among all
independent and dependent variables which were significant at the 5 per-
cent level. Some of the significant correlations listed have 1ittle
practical significance however. An example is the significant correla-
tions of lower taxa to their corresponding higher taxa, of which,
numerically, they may contribute a considerable portion. Several taxa
were correlated to depth {Table 4), but only one to the current measure-
ments. Correlation between depth and the current measurements near the
level of the substrate was significant and negative. This is expected
because the meximum current of deeper water generally tends to be pro-
portionally further from the bottom.

Mary taxa were significantly correlated to the percentage weights
in the substrate size-classes and to the percentiles. The trend of the
correlations within many of the taxa to the percentages was for sig-
nificance in several adjacent size-classes, followed by one or two
classes without significance, and finally followed again by classes
with significance but ccefficients with the opposite sign. The fact
that several adjacent classes tend to be significantly correlated to
taxa indicates tha: the degree to which the substrate was gradad into

classes was more than adequate. Many taxa were also significantly
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correlated to several adjacent percentiles, though there were no changes
of sign here within taxa. Several taxa were significantly correlated,
either positively or negatively, to the total sample weight, but there
were few correlations to the mode size-class. The many significant
correlations of both adjacent percentages and adjacent percentiles
representing substrate distribution are expected; if it is accepted

that current roughly grades substrate particles by distributing and
redepositing them according to the interaction of eddy currents, tur-
bulence and other factors, it would be highly unlikely to find the

distribution of particles between adjacent size-classes to be random.
Multiple regression models

The F statistics of the initial regression models {regressions A
and B, Tables 5 and 6) indicated that high significant relationships
existed betwéen the initial set of independent variables and nearly
all of the taxa. In most cases, this relationship was significant at
less than the 0.1 percent level. The only taxa not significant at the
2 percent level were 2 of the 3 species of macrophytes, Rerippa
nasturtium-aquaticum (watercress) and Zamnichellia palustris (pond-
weed), which together comprised only 3 percent of the total plant
biomass (Table 14). Because these 7 statistics indicated high signi-
ficance in the independent variables as a group, subsequent models

were developed (Tables 5 and €) to isolate and remove variables
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Table 6. F statistics, the levels at which the null hypotheses are re-
jected, and the &2 values for the dependent variables in each
of the regressions. Independent variables for each regres-
sion are given in Table 5. #7 is the degrees of freedom due
to regression; f2 the total degrees of freedom, is 142 for all

regressions (N = 143).

* T

Regression Dependent variable statistic level A2
A PLANTS £8.0478 <0.001 L6738
- Amblystegium c
f1=2 noteropht lum 8.0558 <0.001  .6740
Roripra nasturtiur-
v e 1.8390  <0.100  .3206

—id

L0594 >0.250 .2138

Zanvichellic palustrie

B INSECTS .5992 <0.001  .6575
o= 32 Plecoptera .3382 <0. 0061 .5579
71 Acroveuria pacifica L3046 <{. 001 4013

.3338 <0.001  .5577

.2945 <0. 001 .6063
.3844 <0.001  .6103
L6737 <1.050 .3275
.1929 <0.,001 .5495

.7830 <0.001  .4474
.2563 <0.C001  .4865
.3096 <0.001  .4905
L4783 <0.001  .5029

other stoneflies

Ephemeroptera
Ephemerella infrequens
Baetig sp.
Paraleptophlebia sp.

Trichoptera
Ochrotrichia sp.
Glosscsoma sp.
Ehyacophila sp.

G B e 77 P

Colegptera;

Optioservus Sp. .6545 <0.001  .6219

o

C PLANTS 12.2716 <0.001 L5311
f1 =12

D INSECTS 5.8632 <0, 001 L4092
fr=15

£ PLANTS 4.5807 <3. 001 .1919

=7 INSECTS 9.7220  <0.001  .3352
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Table 6 (continued)

i ; F 2 2
Regression Dependent variable statistic Tevel B
F PLANTS 9.73582 <0.001 .6148
f1 =20
G INSECTS 7.2488 <0.001 .5706
J1 =23
H PLANTS 13.7147 <0.,001 .5802
e = 14 A. noterophilum 12.5575 <0.C01 5787
1 R. nasturitiuyr-
o 0.9581 >0.250  .0946%
aquaticwn
Z. palustris 1.4447 <0.250 .1365
INSECTS 13.1523 <0.001 . 5896
Plecoptera 8.1855 <0.001 4724
A. paectfica 2.4310 <0.005  .2100
other stoneflies 8.2109 <0.001 L4737
Ephemeroptera 11,4411 <0.007 .5558
F. infrequens 11.9673 <0.G01 .5673
Baetis SP. 3.1277 <G.C0T  .2549
Faraleptophlebia $p. 3.8970 <0.001 .2989
Trichoptera 3.6236 <{.001 .3003
Oerrotrichia Sp. 4.4663 <(.001 .3282
Glossosoma SP. 4.0886 <(.001 L3090
Fhyacophila Sp. 7.2051 <{. 001 .4407
Opticeervis Sp. 11.2995 <(. 001 .55h27
I INSECTS 11.0738 <0.00 . 5055
f1=12
J INSECTS 13.8547 <0.0G7 .5613
fr=12
K INSECTS 10.7927 <0. 001 6104
f1 =18 Plecoptera 6.6755 <0.001 L4921
A. pacifica 2.7008 <0.001  .4949
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Table € (continued)

. . ¥ P 2
Regression Dependent variable statistic level R
other stoneflies 6.7495 <0.001 4949
Ephemeroptera 8.5805 <0, 001 L5547
E. infrequens §.6570 <(.001 .5569
Baetis sp. 2.2198 <0.005 . 2437
Faraleptopklebia sp. £.3396 <0.001  .4792
Trichoptera 4.3801 <0.G01 .3887
Ockrotrichia sp. 4.0265 <0.001  .3689
Glossosoma SP. 3.9195 <(.001 L3626
Rhyacophila sp. 5.4023 <(. 007 .4395
Opticservus Sp. 9.2851 <0.001  .5747%
L INSECTS 12.75%86 <0. 001 L6019
£ = 15 Pleccptera 7.2232 <0.001  .4604
1 A. pacifica 2.2775  <0.010 .2120
other stoneflies 7.3026 <0. 007 4631
Ephemeroptera 9.5773 <0.001 .5308
BE. infrequens 9.9936 <0.001 .5414
Baetis Sp. 2.4908 <0.005 .2273
Paraleptophlebia sp. 6.1607 <G.0G1  .4212
Trichoptera 4.8806 <0. 001 13657
Ochrotrichia Sp. 4.2584 <0.001 .3346
Glcesogora SP. 4.4366 <0.G01 .3438
Rhyaccephila sp. €.5361 <0.001  .43%7
Opticservus Sp. 11.2401 <0.G0!1 .5704
M INSECTS 9.01G7 <0.001 .5336
= 16 Plecoptera 7.3418 <0.001  .4825
1 A. pacifica 2.9412  <0.001  .2719
cther stoneflies 7.4288 <0.001 L4854
Ephemercptera £.8505 <0.001 .5292
E. infrequens 8.5225 <0.001 .5197
Baetis Sp. 2.1615 <0.010  .2154
Paraleptophlebia Sp. £.8525 <0.001  .4653
Trichoptera 2.2744 <0.010  .2241
Cehvotrichia SP. 2.3614 <0.005 .2307
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Table 6 {continued)

. . ¥ P 2
Regression Dependent variable statistic Teve] E

Glossosoma sp. 4.2445 <0.001  .3502
Fhyacophila sp. 6.0375 <0.001  .4340
Optioservus Sp. 8.7234 <C.001  .bzZ56
N INSECTS 9.2802 <0.001 .4380
=1 Plecoptera 5.9989 <0.001  .3350
1 A. pacifica 2.5176  <0.001  .1745
other stoneflies 6.0442 <0.001  .3367
Ephemeroptera 9.0555 <(0. 001 L4319
E. infrequens 9.6172 <0.001  .4468
Bactis sp. 1.8531 <0.050 .1347
Paraleptophlebia Sp. 9.1846 <0.061  .435%4
Trichoptera 4.9797 <0.001 L2949
Cehrotrichia Sp. 4.1909 <0.001 L2603
Glossosoma Sp. 3.5960 <0.001 .2319
Rhyacophila sp. 3.7791 <0.001  .2409
Cptioservus sp. 10.7008 <0.CN L4733
G INSECTS 11.17¢&1 <(0.001 .4002
f1=8 Plecoptera 8.2906 <0.001 .33
1 4, pacifica 2.6008  <0.001 .1344
other steneflies 8.3417 <0.001 .3324
Ephemeroptera 11.4151 <0.001 L4053
E. infirequens 12.3151 <0.001  .4237
Baetie sp. 2.1027 <0.050 .111%
Paraleptophlebia Sp. 9.7213 <0.001 .3672
Trichoptera 5.4607 <0. 001 .2459
Oclrotrichia Sp. 3.9468 <0.001  .1907
Clossoscma SP. 3.9866 <(0.001 .1922
Bryacophila Sp. 5.1944 <0.001 .2367
Optioservus Sp. 13.0011 <0.001 4370
P INSECTS 5.4765 <C. 001 2704
M= g Plecoptera 6.0237 <0.C01  .2896
/1 A. pacifico 2.9543  <0.001  .1666
other stoneflies 6.0850 <(. 001 L2917
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Table 6 (continued)

. . 7 2 ¥
Regression Dependent variable statistic Tevel F
Ephemeroptera 9.2134 <0.0061 .3840
. infrequens 8.8341 <0.001 3741
Baetis sp. 1.7834 <0.100 .1077
Poraleptophlebic sp.  11.0006 <0.001  .4267
Trichoptera 1.6109 <0.100 .1145
Ochrotrichia Sp. 1.9223 <0.100  .1151
Glossosoma Sp. 3.9713 <0.001  .2118
Rhyacophila sp. 4,4909 <0.001 .2331
Optioservus sp. 8.0382 <0.001  .3523
Q INSECTS 10.2887 <0.001 .6410
£ o= 20 Plecoptera 6.7650 <0.001  .5400
1 A. pacifica 3.6552  <0.001 .3881
other stoneflies 6.7768 <0.001 .5405
Ephemercptera 7.9896 <0.001 L5810
E. infreguens 8.5292 <G.001  .5968
Baetis sp. Z2.4604 <0.005 .2992
Paraleptophlebic sp. 4.5704 <0.001  .4631
Trichoptera 3.9764 <0.001  .4083
Oclrotrichia Sp. 4.5150 <0.001 .4393
Glossoscoma SP. 4.1377 <0.001  .4180
Fhyccophila sp. 5.1926 <0.001 .4740
Opticeervus sp. 8.2728 <0.001 .5895
R INSECTS 9.3471 <(0.001  .5597
1= 17 Plecoptera 7.1774 <0.0601  .4940
1 A. pacifica 3.5669  <0.001  .3266
otker stoneflies 7.2483 <0.001  .4964
Ephemeroptera 8.9393 <0.001 .5487
E. infrequens 9.3662 <0.001  .5602
Baetie sp. 2.5991 <0.061 .2612
Paraleptophlebia sp. 5.5921 <{.001 .4320
Trichoptera 2.9005 <0.001  .2829
Ochrotrickia sp. 3.7877 <0.001  .3400
3.9388 <0.001  .3488

Glossosoma SP.



Table & {concluded)

. . F r 2
Regression Dependent variable statistic level R
Fhyacophila sp. 6.0338 <0. 001 L4507
Optioservus Sp. £8.2998 <0.00T  .5302
S INSECTS 12.1375 <0.001  .6227
£ =17 Plecoptera 8.2085  <0.001  .527%
1 4. pacifica 3.1393  <0.001  .2992
other stoneflies 8.1302  <0.001  .5266
Ephemeroptera 9,7712 <. 001 .5706
E. infrequens 10.3502 <0.001T  .5847
Baetis $p. 2.8685 <0.001 .2806
Paraleptophlebia $p. 6.0072 <0.007 .4496
Trichoptera 3.7011 <0.001  .3348
Cehrotriehia Sp. 4.1036 <0.001 .3582
Glossceoms SP. 4.9216 <0.001 .4010
Rhyacophila sp. 6.1458 <0.001  .4553
Opticservus Sp. 10.3592 <G.G0T  .5849
T INSECTS 11.7654 <{.001 .b425
= 13 Plecoptera 9.5792 <C.001  .4912
1 A. pacifica 2.3522  <0.001 .1916
other stoneflies 9.6271 <0.001T  .4924
Ephemeroptera 11.3202 <0.001 .5329
E. infrequens 11.8770 <0.001  .5448
Buetis Sp. 3.0737 <0. 001 .2365
EBaraleptophlebia sp. 6.5330 <0.001  .3970
Trichoptera 1.8195 <0.050  .1549
Cephrotrickia SD. 2.1572 <C.025 L1786
Glossocsora Sp. 4,8246 <0.001 L3271
Ehyacopkila sp. 7.8333 <0.001  .4412
COrticservus Sp. 10.2772 <0.001  .5088
U PLARTS 11.5782 <(.001 L6270
£1=18 A. noterophilum 11.3335 <0.001 .6220
B rasturtiun- 1.4197  <0.250 .1709

agquaticum

1.2621 <(.250 .1548

Z. palustrie
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insignificant to the majority of taxa. F tests between regressions
(Table 10) were used to determine the significance of individual vari-
ables described by more than one parameter (substrate and stream sec-
tion), and + statistics were used both to eliminate those independent
variables described by only one parameter and to determine which of
the several individual parameters used to describe the substrate dis-
tribution had the greatest significance.

Compilation of the significant ¢ statistics (Tables 7 and 8) for
variables which were significant in all of the regressions gives insight
into which variables are significant to each taxon. But some caution
should be exercised to avoid using the absolute freguency that specific
variables appear as the sole basis of significance. £ statistics should
be evaluated in context with what other variables are included in speci-
fic regressions {Table 5). As mentioned earlier, the ¢ values of para-
meters may vary corsiderably between regressions depending on whether
correlated variables are used. For example, the use of one parameter to
describe the relation of a variable with known significance to the de-
pendent variable will 1ikely produce a significant ¢ value. However, if
additional parameters are inserted which also significantly describe the
relation by means of a similar varizble {or variables}, and the vari-
ables themselves are significantly correlated among each other, then
the value of ¢ statistics produced for any one parameter will generally

be reduced, and some or all of these parameters may individually no
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Table 8. Independent variables which were significant to each insect
taxon at the P = 0.05 Tevel {(#>[1.9771).

a) INSECTS  (Xyq. = 8454/m?)
. . i regression ;
independent variable z value coafficient regression

2.258 2.642 N
3.082 3.430 0
Amblystegim 2.485 3.275 P
noterophilum 2.669 3.170 R
4.020 3.793 T
-2.194 -25.22 K
-2.470 -27.25 L
-2.072 -25.01 M
Rorippa nasturtium- ~2.240 -29.33 N
aquaticum -2.276 -28.40 0
-2.103 -24.09 G
-2.100 -24.03 S
-2.212 -32.75 L
Zawnichellia palustrie -2.692 -38.84 Q
: -2.742 -39.64 S
depth 1.979 13,424 D
percent wt: £{(C) + @(-1) 2.472 198.0 M
percent wt: B(-2) + 8(-3) 10 gy ;
lower decile g‘?;g ?ggg ?
. -2.892 ~-1750 H
lower quartile 2. 549 841.7 I
G.25th percentile 2.165 2569 S
4,041 2623 B
4.363 3043 G
10th percentile 4,805 2941 K
5.011 2919 L
5.658 3777 0
-2.594 -2072 K
25th percentile -3.272 -1766 L
-3.968 -2446 0
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Table 8 {continued)

b) Plecoptera (Xpo. = 1626/m2)
independent variable £ value Cg:%;?é?;?g regression
2.027 7166 N
. 2.473 L8078 O
Amblystegtum 2.237 .8082 P
noterophiium 2.142 L7859 R
2.645 L7584 T
-2.154 ~8.796 B
~2.375 ~-8.474 L
~2.219 -7.841 M
. ‘ ~2.162 -8.558 N
Rorippa nasturtium- -2.415 -9.155 0
aquatieum -2.264 -8.847 P
-2.760 -10.31 Q
-2.822 ~-10.35 R
-2.703 ~-9.973 S
-2.936 -10.55 T
e}

percent wt: @(0) + 9(-1) g:;gé gé:ég §
lower decile 2.587 500.3 H
10th percentile §'ggé ggi'g é
0

25th percentile -2.311 -418.0
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c) teroneuria pacifica (V= 43.45/nf)
independent variable ¢ value ggi???i?gﬁ} regression

2.189 .03134 B

Amblystegi%m g:gii :8%2?2 h
roterophilum 2.138 -02363 p
3.380 .03596 T

sample weight -2.0%6 ~. 005166 B
mode @ class -2.4¢61 -13.77 B
percent wt: £(4) 1.996 16.47 R
percent wt: @({-4) -2.629 -3.754 B
percent wt: 9(-7) -2.212 -3.015 B
2.663 1.562 K

percent wt: 9{(2) + 2(1) 2.719 .9535 M
2.392 .7946 p

3.210 2.008 K

percent wt: B(-2) + 0(-3) 35y 1l38s N
2.259 1.306 p

lower decile 2.036 14.18 H
upper gquartile 2.233 20.90 H
10th percentile -2.341 -31.31 S
25th percentile -2.512 -27.99 B
50th percentile 2.128 29.74 B
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Table 8 {continued)

d) Other stoneflies (Kﬂo = 3583/m2)
. . regression :

independent variable t value coefficient regression

1.976 .6939 N

Amblystegium 2.?27 .7873 0

noterophi lum 2.187 7846 P

2.104 7639 R

2.543 7225 T

-2.174 -9.213 B

-1.985 -7.179 K

-2.406 -8.515 L

Rorippa _nasturtium— :S ) égg :273 ) ggg l;g

aquatioun -2.455 -9.241 0

-2.306 -8.947 p

-2.757 -10.21 Q

-2.823 -10.25 R

-2.706 -9.214 S

-2.945 -10.48 T

. 2.181 60.27 K

percent wt: @(0) + B{(-1) 5 375 .y M

Tower decile 2.535 486.0 H

. 2.047 382.5 L

10th percentile 3084 606. 1 0

25th percentile -2.332 -419.0 0
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e) Ephemeroptera (Xpo. = 2108/m2)
independent variable t value ng%g?i?ézg regression
percent wt: @(2) + p(1) -2.429 -38.17 M
porcent e 000) +01) LTE Gl
-2.046 -56.14 K
SRR RUCTI v B B
-2.439 -67.55 P
Tower decile 2.514 650.8 H
lower quartile -2.297 ~-608.0 H
0.25th percentile 2.298 1227 S
2.664 762.4 K
10th percentile 2.922 808.3 L
3.335 969.2 0
25th percentile :g'?gg :égg:g B




Table 8 {continued)

f) Ephemerella infrequens {3"{;0 = ?463/%112}
; . . regression s
independent variable t value coefficient regression
-2.0%0 -9.800 K
) ~2.142 -5.694 L
Rorippa nasturtiufii- -2.103 -8, 850 M
aguatiewn -2.198 -10.92 N
~2.194 -1C.62 0
~-2.095 -10.57 P
percent wt: @{0) + §(-1) 2.217 65,91 M
\ 2y -2.248 -53.49 N
percent wt: (-2} + §(-3) 5 095 5112 p
lower decile 2.877 £30.7 H
Jower quartiie -2.560 ~-573.4 H
0.25th percentile Z.286 1021 S
2.293 615.6 B
. 3.154 787.1 K
10th percentile 3.479 831.7 L
4,032 1008 0
. -2.948 -652.9 L
25th percentile -3.433 -793.0 0
. e _ 2
q) Baetis sp. (X = 4714, 1/m"™)
no.
. - regressi :
independent variable + value ccegfigiegg regression

none significant
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h) Paraleptophlebia sp. (?EO = 230.0/m2)
. . regression .

1ndependent variable t value coefficient regression

3.223 .2564 B

4.145 .2949 K

4,828 .3413 L

Amblystegium a.121 -2944 M

noterophi Lum 3.251 .203% N

P 3.820 .2332 0

3.349 .2089 P

4.702 L3610 Q

5.290 .3878 R

4,654 .3475 S

5.435 .3201 T

2.328 1.653 K

2.002 1.421 L

Rorippa nasturtiumn- 2.068 1.427 M

agquaticun 2.922 2.047 N

2.482 1.758 0

2.750 1.855% p

2.056 1.507 R

depth 2.048 824.4 B

percent wt: P(0) 2.432 30.56 B

percent wt: £(-5) 2.027 14.44 B

percent wt: B(-7) 3.284 24.89 B

i -3.168 ~-6.478 M

percent wt: £(2) + g(1) 2 427 -4.551 p

3.404 18.46 K

. 3.537 16.20 M

percent wt: £(0) + (-1} 3,551 1867 N

3.799 16.59 P

lower decile 2.068 86.92 H

0.25th percentile 2.514 195.9 S

10th percentile 2.108 78.10 L

25th percentile -2.230 -77.47 L

75th percentile 2.051 137.5 B




Table 8 {continued)

-42-

i) Trichoptera (X%e = 935.4/m2)
. . regression :
independent variable t value coefficient regression
-2.913 -.6541 B8
-3.595 -.89276 K
-3.507 -.8690 L
Amblystegium ~3.086 -.8894 M
notercphilum -2.682 -.6282 N
-2.187 -. 4879 0
-2.798 -.5757 G
-3.177 -.6656 )
Rorippa nasturtivm- _ _
aguaticum 2.122 5.495 C
-2.848 -7.636 B
-2.066 ~6.902 L
Zannichella palustris -2.855 -7.337 Q
-2.283 -6.241 R
-2.591 -6.901 S
, 2.051 52.66 Q
percent wt: §(2) 2.486 63.42 R
. 2.235 18.43 M
percent wt: @(2) + #(1) 2 303 17.97 P
Tower decile 4,574 489.5 H
lower guartile -3.267 -357.3 H
3.608 443.0 B
. 5.530 758.0 K
10th percentile 5. 086 668.5 L
4,979 666.1 0
-2.746 -480.9 K
25th percentile -2.569 -312.¢ L
-2.982 -368.5 0




Table 8 (continued)
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i) Ochrotrichia sp. (X, = 528.0/n°)
. . regression :
independent variable t value coefficient regression
-2.692 -.5700 B
. ~3. -.8413
ﬁmblgsteggff; 300 ?%7 5
roveropht tum -2.796 -.8052 M
-2.154 -.5186 N
~2.207 ~.4317 Q
-2.510 -.5045 S
. . . -2.222 -5.620 B
doannichellia palustris -2.098 -5.127 q
sample weight -2.230 -.08287 B
X -2.087 -119.0 q
percent wt: 9(3) ~2.205 -126.7 R
. 2.670 65.18 q
percent wt: #(2) 3.016 77.75 R
2.642 21.78 M
percent wt: B(2) + 9(1) 1.980 25.08 N
2.899 22.71 P
lower decile 3.773 387.0 H
lower quartile -2.143 -224.7 H
2.820 326.5 B
, 4.941 690.7 K
10th percentile 4.306 582.0 L
4.102 570.6 0
. -2.340 -426.8 K
25th percentile -2.169 .278.7 0
50th percentile -2.464 -509.6 B
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k) Glossosoma sp, (iﬁo = 228.6/m2)
. X regression .

independent variable t value coefficient regression

-2.185 -.1336 L

Amblystegium :§ ’ gg; - ; ggg 2

noterophilum 2. 836 - 1685 p

-2.444 -. 1588 Q

-2.673 -.1693 S

-3.520 ~-.1780 T

Zennichellia paluetris -2.058 -1.651 T

algae 2.331 201.0 B

lower decile 2.264 76.65 H

lower quartile ~-2.9580 -103.5 H

. 3.169 £37.1 Q

. -2.181 -226.7 Q

1st percentile -2.795 -262. 4 S

2.333 87.55 B

10th percentile 2.060 66.81 L

2.248 75.51 0

25th percentile -2.219 -66.€7 L

9Gth percentile ~2.197 -129.2 B

) Rhyacopkila sp. (X = 158.8/n°)
. . regression :

independent variable t value coofficient regression

Amblystegium 2.279 .07802 0

notercopht lum
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Table 8 (concluded)

m) Coleoptera: Optioseryus sp. (Y%G = 38@5/m2)
. . regression :
Independent variable t value coefficient regression
2.251 1.661 B
2.669 1.725 K
anblystagiin 2ees T
roteropht lum 3.394 2.365 N
4.480 2.592 0
3.966 2.641 p
Z2.813 1.899 R
5.034 2.708 T
. i -2.195 ~18.63 G
. Zannichella palusﬁ; 78 7 2E] 18.73 S
percent wt: @(-2) + p(-3) -2.157 -70.28 N
lower decile 3.847 1306 H
upper decile -2.455 ~-1433 H
3.697 1492 B
. 3.322 1141 K
10th percentile 3.264 1060 L
4.429 1536 0
25th percentile ~2.55] -817.2 0
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Table 9. Means of the dependent and independent varia
the mean values from each of the 143 samples.
be used in conjunction with the regression coef

bles computed from
These means may
ficients Tisted

in Table 8.
Variable Mean
INSECTS 8454 /2
Plecoptera 1626/m2
Acroneuria pacifica 43.45/me
other stoneflies 1583/m2
Ephemeroptera 2108/m2
Ephemerella infrequens 1463/mé
Baetis sp, 414.1/m2
Paraleptophlebia sp. 230.0/m2
Trichoptera 915.4/m2
Ochretrichia sp, 528.0/m2
Clossosoma sp. 228.6/me
fhyacophila sp. 158.8/m2
Coleoptera: Optioservus sp. 3805/m2
PLANTS 441.8 g/m?
Ambly stegium notercphi lum 429.2 g/me
Rorippa nAStuUrtiwn-aguaticun 9.018 g/m?
cannichellia paluetrie 3.603 g/m2
algae present in 10.49%
g (15) of the samples
sample depth 0.2347 m
current velocity 0.4101 m/sec
sample weight 5936 ¢
mode phi class 2(-4.042)
Tower decile shortness 2.858 ¢
lower quartile shortness 4.422 ¢
inner quartile shortness 2.776 ¢
upper quartile shortness 1.801 g
upper decile shortness 1.101 p
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Table 9 (continued)

Variable Mean

regressions  regressions

A~P g-U
4 68049
3 2.751%
2 7.329% 6.282%
percent 1 6.451% 5.775%
weight 0 6.676%
‘In ""] @.84@;4
phi classes -2 6.159%
-3 10.01¢
-4 18.94%
-5 25.45%
-6 13.30%
-7 L8108y
[2] + [1] 13.78%
(o] +[-1] 11.46%
[-2] + [-2] 16.127
0.25 4.153 p
1 2.995 ¢
5 1.795 9
10 LAZ46 @ 1.003 ¢
: 25 -2.217 0 ~1.665 @
percentiles 50 4519 p 4,415 p
75 -5.611 @ -5.569 @
90 ~£.356 § -6.319 P
dummy variables (7) to
. account for the longituy-
Stream sections dinal variability in the
stream sections (8)
14 538 (biweekly sampling
time C;g?gr ?}7?9 dates numbered con-
quadratic 1635 secutively from 1

through 18}
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tonger be significant. An 7 test (as described in Table 10) however,
will still show significance of the group of parameters, just as the ¢
statistic will indicate significance if only one parameter is used.
Substrate. Parameters used to represent substrate-size distriby-
tion in the initial regression models {regressions A and B, Tables 5§
and 6) were the percentage weight in each of the size-classes gr-71
through P{1] (B[2] was omitted here due to the statistical necessity
that the percentages do not total 100), the 10th, 25th, 50th {median},
75th and 90th percentiles, the mode size-class, and the total sample
weight. In subsequent modeis (regressions ¢ through P, Tables 5 and 6),
various combinations of these plus additional parameters were used.
These included the 50th (regressions C and D), and the 10th and 25th
percentiles {recressions X, L, N, 0) as the only percentiles included,
the shortness of the inner guartile in phi units (regressions € and D),
the shortness of the lower and upper quartiles and deciles both
separately and together (regressions H - J), and the combined Tower
size-classes -- p[2] + p[1], o[c] + p[-1], B[-2] + p[-3] (regressions
Ky M, N, P). From these analyses it became evident that, while expla-
natory power over dependent variables was in Independent variables
describing the middTe substrate size range and Tesser power in the
upper range (Tables 7 and 8), the stronger explanatory power was in
those variables describing the smaller substrate sizes. The 10th and

25th percentiles and the shortness of the Tower decile were significant
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to 11 of the 13 insect taxa; the Tower quartile was significant to 6
taxa. Other substrate parameters were significant only occasionally.

The initial calculations of substrate parameters were based on
data for the distribution in size-classes $[-7] through 27 onty.
Though data were available for phi classes [3] through [5+], they were
ignored because the mesh size of the sampler net (36 threads/cm) allowed
some particles less than 0.25 mm (P[2+]) to pass through. However,
considerable quantities less than this size were retained by the net
and scooped out of the sampler by hand. Because the regressions models
showed significance dowq to the smallest size-class (@[2]) included to
this point, the size-class percentages were recalculated to include
substrate in classes $[3] through B[5+]; the percentiles were recalcu-
lated and the 0.25th, 1st, and 5th percentiles were also determined.
These revised data were used in subsequent regressions {regressions Q
through U). It had to be assumed that this bias of the loss of some
particles less than 0.25 mm was relatively proportional in all indivi-
dual samples.

The subsequent models developed (regressions Q through U, Tables
5 and 6) showed that the 0.25th through 10th percentiles as representa-
tives of substrate distribution (Tables 7 and 8) were significant to
the majority of taxa. To determine whether the percentiles or the
size-class percentages had greater significance in relation to the

other, both groups were excluded individually and simultaneously from
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what otherwise was the final regression model -- regression S (Tables
5, 6, 16). F tests (Table 10} indicated that the percentiles {0.25,

T, 5, 10) had far greater significance te virtualily all of the insect
taxa than did the size-clasces reqardliess of whether or not the latter
were included in the regression. Thus the 10tk and 25th percentiles
and the lower decile and quartiles were considered the best representa-
tives of substrate distribution using the data excluding size-classes
P31 to B[5+], while the G.25, tst, 5th and 10th percentiles were the
most significant representatives using data for all cof the size-
classes measured (f{-7] through P{5+]). No new regressions were com-
puted with the additicnal cdata using the 10th and 25th percentiles or
the lower decile and cuartiles as the only substrate parameters, but

it car reascrably be assumed that their significance would have changed
Tittle. The actual contribution by weight of size-classes P[3] to
PI5+] compared to total sample weight was slight (2.75%) and thus
altered the values of the origiral parameters only stightly.

Flants ae indeperdent vardables, Reoressions ip which each of the
plant species was considered an indeperdent variable (Tables 5 and 6)
indicated that each species was significently correlated to several
insect taxa {Table 8). Because the sign of the + values tended to be
consistent within <recies but to vary among them, it was deemed un-
desirable to consider the total guantity ¢f all three species combined

as a single independent variable beyond the initial regressions.
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Table 10. Tests of # between regressions. Refer to Table 5 for the
complete set of independent variables included in each

regression.
F = {8:8.8 - s.6.h)/(F1-a - £1-b)
(reg. a - reg. b) residual m.s.
g.o. = Sum of squares £ = degrees of m.g. = ean square
"7" due to regression ] freedom T error

An alternate method for calculating 7 between any of the regressions in
this study (Table 5) is to use the following formula with the &2, w,
and f values from Table 6.

(%3 - sz)/(fT:a - f1.5)
(T - rE)/ (W -7 - T)

F(reg. a - reg, b) -

DISTRIBUTION PGINTS OF &

P (f1-a - Ff1-b)
2 3 4 7 g 10
0.250 1.4C  1.39  1.37 1.31 1.29 1.28
0.100 2.34 2,12 1.98 1.76 1.67 1.64
0.050 3.05 2.66 2.43 2.07 1.94 1.8¢
0.025 3.77 3.20 2.8 2.36 2.19 2.13
C.016 4.75  3.91 3.44 2,75 2.52 2.43
0.005 5.46  4.44 3,86 3.0 2.73 2.63
0.001 7.22  5.69 4.85 3.67 3.28 3.14
a) Significance of the shortness of Tower and upper quartiles and
deciles,
Regression Pair H — 1 H — J
Independent lower and upper lovier and upper
Variables Tested deciles quartiles
- 2 2
(f].a f‘{.b)

INSECTS 13.17 4.46
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b} Significance of the percent weights in the size-class combinaticns of

el2] + @11, o[0] + B[-11, P[-2] + B[-3], the 10th and 25th percen-
tiles, stream sections, and combinaticn of the stream sections with

the substrate parameters.

Regression pair K- L K- M K - N K-10 K-P
Independent ghi cq . sections, sections,

Variables Tested grougs percentiles sections phi groups percentiles
(fﬁ-a - ) 3 2 7 10 9

INSECTS (.91 12.22 7.84 6.69 12.02

Plecoptera .58 1.18 5.48 3.93 5.49
Acroneunta 4.01 0.84 2.64 2.54 2.21

peeifica
other stoneflies Z.60 1.16 5.55 3.99 5.54

Ephemeroptera 2.22 3.56 4.88 4.16 5.28

Ephemerel la 1.45 5.19 4.40 3.73 5.68
nfrequens

Baetia SP. 0.90 2.33 Z2.56 2.17 2.48

Paraleptephlelia g 1.66 1.40 2.67 1.39
sp.

Tricheoptera 1.5% 16.69 2.72 2.90 6.18
Ochrotriehia sp. 2.24 13.58 2.65 3.50 5.55
Glosscsoma &9. 1.13 1.C7 3.6] 3.30 3.24
Fhyaccrhila sb. 0.29 0.62 £.27 4.45 5.08

Coleoptera: 0.27 7.07 4.19 3.99 7.18

Ortiossrous Sp.

{
i
i
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Table 10 (concluded)

c) Significance of percent weights in size-classes pla1, o[3], o[2],
and @[1], and the 0.25th, 1st, 5th, and 10th percentiles.

Regression Pair Q-R g -5 R-T S-T
Independent . phi phi :
Variables Tested percentiles classes  classes percentiles
(f1.2 = f1.8) 4 4 4 4
INSECTS 6.85 1.54 1.22 6.65
Plecoptera 3.03 0.83 0.17 2.40
Aeroneuria pacifica 3.04 4.40 £.27 4,80
other stoneflies 2.90 0.91 0.25 2.26
Ephemeroptera 2.33 0.75 1.09 2.75
Ephemerella infrequems 2.75 G.91 1.09 3.40
Baetis sp. 1.64 0.80 1.04 1.92
Paraleptophlebia Sp. 1.75 0.76 1.92 2.99
Trichoptera 6.41 3.76 5.58 8.45
Oehrotrichia Sp. 5.36 4.38 7.64 8.75
Glossocsoma SP. 3.59 0.88 1.04 3.85
Rhyacophila sp. 1.34 1.08 0.55 0.81
Coleoptera: 4.36 0.34 1.43 5.73

Upticservus Sp.
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Because each of the plant species tended to be significant to several
insect taxa in the initial regressions, they were included in subse-
quent models as well as the final model chosen -- regression S {Table
16). The dummy variable inserted to note the occurrence of significant
quantities of filamentous algae mixed with the higher aguatic plants
(15 of the 143 samples) proved insignificant in initial models and was
not included in subsequent regressions.

Other variables. The linear, quadratic and cubic factors of time
inserted to adjust the regressions for seascnal variations were signifi-
cant as determined from the individual ¢ values (see Table 16). The
dummy variables inserted to account for possible Tongitudinal variations
along the study area not accounted for by measured variables were also
significant as a group as determined from the difference in the 7 test
between regressions K and N (Table 10b). Both the factors for time and
stream section were thus included in most subsequent regressions,
including the final model. (The sectional differences in substrate
distribution for all samples are summarized in Table 13 and the sec-
tional differences in plant biomass and insect numbers are summarized
in Tables 14 and 15 respectively.)

Current velocity measurements included in regressions A through
D, F and G, were significantly correlated only to the watercress and
the total weight of all three plant species (Table 7}. Depth was also

significantly correlated to the watercress, but unlike current velocity,
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the correlation matrix also indicated several simple correlations of
depth to other taxa. Because both variables were insignificantly corre-
lated to other taxa in the regression analyses itself however, they

were not considered beyond the initial regression models.

Plants as dependent variables., The independent variables which
were significant to each plant taxa in those regressions (A, C, E, F,
H, U, Table 5) in which the plants were considered as dependent vari-
ables are included in Table 7. BRecause the regressions subsequent to
the initial ones were refined primarily for the insect taxa, no final
model was developed exclusively for the plant taxa. However, the
independent variables which were significant indicate that the trend
with respect to substrate size was similar to that for most insect
taxa. In general, significant negative relationships resulted for
parameters representing larger substrate and significant positive
relationships for parameters representing smaller substrate. This
trend is generally typical for both the moss and the watercress, as
well as for the combined pTant biomass. No significart correlations
to the pondweed, which contributed Tess than one percent of the total
plant biomass (Table 14), resulted between any of the substrate or

other parameters in any of the regression models.
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Prediction of change in the quantity of oroantsms

with changes in magnitude of the independent variables

Substrate. The mean substrate distribution curve (Figure 4a)
determined by summing the individual sample percentages in each size-
class (Table 13) is essentially bimodal. The low point between modes
is at approximately P[-1] (2 mm) and the mode representing the larger
substrate sizes peaks at nearly @[-5] (64 mm). The latter is about
four times the magnitude of the broad mode at g12] to @[0] (0.125-

1.0 mm) representing the smaller sizes. To graphically represent the
changes in taxa numbers as the four lowest percentiles (0.25, 1, 5,
and 10) vary from the mean distribution, all four percentiles have
been arbitrarily shifted by the same degree (Figure 4a). The corres-
ponding quantitative changes predicted in the nine insect taxa which
were significantly related to the percentiles in regression S (Table
10c) are represented in Figure 4b. A1l nine of these taxa show that as
the substrate composition is proportionally distributed toward the
smallest substrate sizes, predicted numbers increase. It would also
be possible to demonstrate changes in taxa numbers with shifts of the
percentiles to any other degree or even if changed individually by
using the corresponding regression coefficients and mean values (Tables
8, 9, and 16).

A similar trend toward greater numbers of insect taxa with
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proportionally smaller substrate particles is noted in the other sub-
strate parameters not included in the final regression model (Table &).
The most significant of these to the majority of taxa were the 10th and
25th percentiles and the lower deciles and quartiles, although other
substrate parameters were occasionally significant. Similar predic-
tions of numbers as given in Figure 4b can be made using the regres-
sion coefficients listed in Table 8 with the means listed in Table 9.
Examination of the parameters representing the smallest substrate
sizes (the 0.25th through TOth percentiles, the smallest substrate
classes, the lower decile -- Table 8) show that the signs of the
regression coefficients of taxa significant to these variables are
predominantly positive. Thus, greater numbers of insects are generally
predicted when there is a relatively greater proportion of substrate
in the size-classes from approximately 9[2] to §[0]. However, exam-
ination of parameters representing the lower-middle substrate distri-
bution (25th and 5Cth percentiles, shortness of the lower and inner
quartile, percentages in the size-classes @[-11 through about p[4]),
show that greater numbers of taxa are concurrently predicted when the
distribution of substrate in this size range (about 2-16 mm) is pro-
portionally toward the larger particles. The 11 regression coefficient
pairs of the 10th and 25th percentiles (Table 8) corresponding to the
significant taxa show that the coefficients for the 10th percentile

are all positive while those for the 25th percentile are all negative.
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These percentiles 1ie on either side of the low point at about P[1]
(Figure 4a) in the mean substrate distribution. Likewise, the same
trend of opposite signs occurs for the six coefficient pairs of the
lower decile and quartile. In summary, the greatest numbers in the
insect taxa are predicted to be present when the substrate distribution
by weight is distinctly low at about the @[-1] size-class, proportion-
ally high between the size-classes from about @[2] to §[0]. and pro-
portionally high from beyond size-class £[1] to about @#[4]. The signi-
ficance of this aspect of the substrate distribution along with its
relationship to other variables will be discussed later.

Plants as independent variakbles. Taxa which were significantly
correlated to each of the three plant species (Table 8) in the final
regression model, regression S (Table 16), and the predicted changes in
numbers with changes in each plant's biomass are shown in Figure 5.

t statistics from this model indicate that three insect taxa (Trichoptera,
Ockro%richia sp. and Glesscsoma sp.) are negatively correlated to the
moss (4mblystegium noterophilum), but one taxon (Paraleptophlebia sp.)
is positively correlated. The model also indicated that three taxa
(Insects, Plecoptera, and "other stoneflies”) are negatively correlated
to the watercress (Rorippa rasturtium-aquaticum) and three taxa
(Insects, Trichoptera and Opticservus Sp.) are negatively correlated to
the pondweed (Zarnichellia ralustris). t statistics from regression T

(Table 8) however, show a considerable difference (Figure 5) in the
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Figure 5. Predicted changes in the number of each insect taxon which

was significantly related (5 percent level) to the quantity of each plant
species in regression S (the final model) and regressicn T. The general
regression formula is ¥i = ¥i + bi(xp - X’}, where i refers to insect
taxa and p to plant taxa. The regression coe§f1Cfents and ¢ statistics
are from Table 8, and the plant and insect means from Table 9.

regression $ -- solid line regression T -~ broken line
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Regression T {broken line)
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significant insect taxa and their predicted numbers to the plants. Six
taxa (Insects, Plecoptera, deroneuria pecifica, “other stoneflies”,
Faraleptophlebia sp. and Optioservus sp.) are now significantly corre-
lated positively to the moss, while Glessosuma sp. is still negatively
correlated to it. The only change in the correlations to the water-
cress is that the insect taxon is no longer significant to it. The
three taxa significantly correlated negatively to the pondweed in
regression S are no Tonger significant in regression T, but Glessosomu
sp. is now significantly correlated negatively to pondweed in the
latter regression. The consideratble variation in the significance of
the insects to the plants between these two regressions, and a
rationale of which regression appears to be more appropriate, will be

discussed later.



DISCUSSION
Evaiuation of the results

The variables included in the multiple regression (Table 5) chosen
as the final mecdel, regression S {Table 16), accounted for over 62 per-
cent (RZ = 0.6227, Table 16a) of the variaticn in the insect taxon (the

2 statistics plus the F statistics

sum of all insect numbers)}. The R
(virtually all of which were significant at Tess than the 0.1 percent
level) from all regressions (Table 6) indicates that a very substantial
portion of the variation relating to the microdistribution of the
insects was accounted for. Snedecor and Cochran (1967) state that,
even when the variables included in a regression are statistically
significant, it is not uncommon to find that the percentage of the
variance of the dependent variable attributed to the regression is
much less than 50 percent. Variation not accounted for in multiple
regression analyses, according to Snedecor and Cochran, are due to
variables not considered important, variables not feasible to measure,
and unknown variables. Some of these possibilities as applied to this
study will be mentioned later.

Substrate. The parameters representing the substrate size distri-
bution (Tables 7 and 8) show that the greatest gquantity of both insect

and plant taxa are related to a bimodal substrate distribution by

weight, similar to that represented by the mean distribution summed
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from the individual samples (Figure 4a). The 10th and 25th percen-
tiles, the shortness of the lower decile and the lower quartile, and

to a lesser extent the percentage weights in the appropriate size-
classes (Table 8) show that 11 of the 13 insect taxa are significantly
related to a distinct Tow point in the substrate distribution between
the two modes. Further, greater numbers are related to an increase in
the mode representing the smallest substrate particles (determined
principally by the 0.25th, 1st, 5th, and 10th percentiles and the

Tower decile shortness, but also by the percentages in the corresponding
size-classes). But concurrently, greater numbers are significantly
related, though less strongly, to a rise toward the mode representing
the larger substrate particles {determined principally by the 25th per-
centile and Tower quartile, and to a much lesser extent by the higher
percentiles and corresponding size-classes). Little significance was
attributed to this mode, however, frcm near its peak (at about §[-5]
toward the largest substrate particles. The fact that these two modes
are simultaneously related to greater numbers in the insect taxa
indicates that fewer numbers are predicted if the substrate is com-
posed of particles by weight predominantly in the size ranges within
either one or the other modes. The relationship that exists here, then,
is one where the greatest numbers in most taxa are related to a bimodal
distribution which consists of particles grossly grouped into both a

larger (roughly #[-2] to P[-6], Figure 4a) and a smaller size group
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(p[4] to pLoO]).

In the published research relating to asscciaticns between benthic
fauna and substrate (Table 1)}, the general conclusion drawn is that
greater numbers and diversity of organisms are associated with either
larger substrate sizes or substrate compositions that are well-
represented by all particle sizes. Hynes (1970) points out that areas
with larger stones are generally more complex and are associated with
greater diversity of fauna. In virtually all of the studies on sub-
strate, only phenotypic descriptions of areas have been used, neces-
sitating the consideration of sections of streams with gross, readily
discernible differences. In general, smaller substrate sizes have been
studied only in areas where they exist in a relatively homogeneous
state, rather than in their proportion and relation to larger particles,
The question which arises here then, is whether the results of this
study conform to any of the above observations in previous studies, and
what the significance is of the smaller particles. It is relatively
easy to deduce why larger substrate particles are favorable for insect
habitats. Included are available space for protection and foraging,
stability, places for deposition of food, and greater variability of
microcurrents. Larger particles were found to be significant to some
extent in this study. The reasons why the smaller substrate particles
were so much more significant will be considered with a discussion of

the other variables after the latter have been considered individually.
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FPlants asg independent veriables. The results from the final
regression model for plants as independent variables to the insect
taxa showed that, with cne exception (Paraleptophklebia sp. to 4mbly-
stegium noterophilum, Figure 5a}, the few correlations that were sig-
nificant between insect taxa and the plant species were negative. The
plants themselves act as a habitat for many insects. They also provide
them with food either directly, or indirectly by serving as a substrate
for periphyton. In sorting the preserved samples in the Taboratory, a
strong relaticnship seemed to exist between insect numbers and the
quantity of plants, especially the moss. This observation is substanti-
ated by the very significant simple correlation (c.c. = 0.5533, Table
4) between the moss and the riffle beetle larva (Opticservus sp.), and
between the moss and the insect taxon as well (c.e. = 0.3735). Thus,
it initially seems surprising that there were virtually no significant
positive correlations in the regression analyses between the insect
taxa and the plants. This matter will Tikewise be discussed in context
with the other variables after considering the other variables indivi-
dually.

Other independent variables. The linear, quadratic, and cubic
factors of time, included in most regressions including the final model,
compensated for unavoidable seasonal variations in gquantities of crgan-
jsms during the 9-month sampling period. Scme 1ikely reasons for the

significance of these factors include changes in habitat with maturity,
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emergence, and seasonal variation in the drift rate. These factors may
have been minimized had it been practical to sample intensively over

a short period of time. Cummins {1962), however, discourages against
this, especially if autecclogical considerations are to be made.

The dummy variables inserted to account for potential variation
between the eight stream sections from which one sample was taken
biweekly proved significant. Consequently, they were used in most
regressions including the final model to adjust for this bias. The
fact that these variables proved significant indicates that there is
probably some factor or factors not accounted for by the weasured vari-
ables. One factor likely involved is the insect drift rate from sec-
tion to section. Because the study area was a headwater section, no
drift could enter the area from above. But it would be expected that
progressively greater amounts of drift occurred downstream through the
sections until the quantity leaving an area was equaled by the quantity
entering it. Consequently, because of this factor alone, it would be
expected that greater quantities of insects should occur at the Tower
stations than the upper, all other factors being equal. The total
number of insects collected from each section with equal sampling
effort (Table 14) show a wide variation in numbers among sections, with
a definite bias toward greater density at the lower sections. This
variation, however, must also be considered in context with the measured

variables for each sample from each of the sections, as was done in the
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multiple regression analyses.

The current nmeasurements made at each sampling site were insigni-
ficant to virtually all taxa. The only significant relationships of
current in the multiple regression analyses were a positive correlation
to dmblystegium notercphilum {moss) and a negative relation correlation
0 Rerippa noeturtium-aguaticum {watercress). The significant corre-
lations above are logical since the moss was distributed on rocks in
the main channel exposed to the faster currents, while the watercress
occurred agiong the sides of the channel and thus in slower current.

The lack of significance of the current measurements to most taxa
does not necessarily reflect the Tack of importance of current, but
probably to the method used. Though Cummins {1962) feels that a
Leupold~-Stevens current meter {used in this study) is suitable for
microdistributional studies (readings can be taken 2 cm from the bottom),
Eriksen {1966} considers that this and other devices, though better
than those which measure average current, are of doubtful use because
they cannot measure current among vegetation, under rocks, in crevices,
in interstitial spaces or even at the boundary lavers of surfaces
where the organisms are found. Consequently, while no practical method
yet exists to obtain an accurate index of current within the specific
habitat of organisms, such data if available might have accounted for
some of the unaccounted variation found 1in the regressions.

Though there were several positive simple correlations which were
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significant between depth and insect taxa (Table 4}, there were virtu-

11y no significant relations found in the multiple regression analy-
ses. The fact that there also was a significant simple negative
correlation between depth and current measurements indicates that the
accurate depth measurements probably served as an indicator for current
measurement about as well a: the current measurements themselves taken
2 cm above the substrate. The negative relationship is Togical as the
current at the bottom of streams tends to be proportionally slower as
depth increases. ¥hile there were several sigrificant simple correla-
tions between taxa and depth but only one between taxa and
current, only one significant # relationship occurved for depth, but
two occurred for current {Table 8). This indicates that the depth
measurements were likely correlated to one or wore of the other vari-
ables used in the regressicns which had greater significance to organ-
ism quantities. Depth is probably not a factor in Timiting photosyn-
thesis in this stream since mest sampling depths were much less than
0.51 m {the maximum cdepth serpled) and turbidity at all times was

extremely Tow.

Flants oo devendent varichles. As indicated eariier, some of the

same significant relationshins between the insecl taxz and substrate
parameters correspended to those parameters sigrnificant to the plant
taxa {(Table 7). Significant parameters were mainly those representing

the smallest particles. In processing the semples, ar apparent
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of smaller substrate material ("sand”) present in the samples. The
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simple correlations (Table 4} substantiate this observation; there are

very significant positive correls

[

icns betwsen the moss and the smaller

s

substrate size-classes and alsg very sionificant negative correlations
between the moss and the larver classes. Hence, since the smaller
particles were aisc significantiy correlated to all but one of the
insect taxa, it can be concluded that the quantity of smalier substrate
material was in some way related to the quantity cof insects over and

above that contributed by the moss itself. This interrelationship

between the substrate, plant and insect cuantities will be considered
next.
Intervelaric of substrate, insect, and plant quantities. In

the preceding discussions, the relaticnships of both piant and insect
taxa to a substrate distribution similar to the mean distribution by
weight {Figure 42} were described. In addition, it was pointed cut that
the plants, notably the moss, were sirongly correlated to the smaller
substrate particles. But when the relative significance of both plants

compared as they relate to the

(%3]

and smaller substrate particles wa

1y

insect taxa, the characteristics of the substrate distribution were
more important. Finally, it was guestioned how these resuits relate
to the observations of previocus investicators, in which organisms have

been associated, at Teast rhenotypically., with the larger substrate
5 ¥
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particles. Unlike the more obvious benefits of larger particle sizes
(such as stability, space for protection and foraging, places for food
deposition, variety of microcurrents, and habitat of prey species), it
is difficult to visualize a logical direct relationship of insects to
smaller particles.

The mean distribution presented in Figure 4a is based on the per-
cent weight in each size-class combined from the data of ecach indivi-
dual sample. This distribution, however, can aise be evaluated in
terms of the estimated number of pavticles in each size-class (Table
11). The volume, and hence weight of particles of egual density,
changes by a factor of eight when size is reduced or increased by a
factor of two in the critical dimension (radius in this case since the
particles were considered to be spheres for simplicity). Thus, while the
actual weight of all particles in the size-classes decreases sharply
at two places along the mean curve (Figure Z4a) -- from about size class
@[-5] to about @[-1] and again beyond class #[27 -~ the actual number

of particles increases here, though at a decelerated rate, with each

successively smaller size-class. At points where the slope of the
3

1.

The highly necative slcpe of the distribution between 8[-87 and

curve is negative, the rate of increase is accelerating (Table

approximately ¢[-E] and hence the rapid rise in particle numbers fis
attributed to the size Timit of particles in the stream. (This area

of the curve is scmewhat similar fto that of 2 standard normal
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distribution.] The slope of the curve from approximately 9[-57 to
P[-1] is quite highly positive and represents a relatively slow but
uniform rise in particle numbers with successively smaller classes.
The change of the slope back to negative and hence an acceieration in
the increase in numbers of particles from classes @[-1] to #[2] repre-
sents the areas where the regression models indicated the greatest
sensitivity in predicting taxa quantities. At the lower end of the
distribution beyond atout #{2], the slope of the distribution again
becomes positive, though estimated numbers of particles stiil increase
but at a decelerated rate.

In the size range of particles having the greatest sensitivity for
prediction of taxa numbers {@[-1] to about #[3]), the number of particles
necessary to make a significant change in the percent weight distribution
becomes increasingly large (Table 11). Thus the significance attached to
these size-classes by the regressions represents great sensitivity in
minute changes in quantity. At the other extreme, one large particle
added to a sampie would change the percentage distribution considerably,
yet could have 1ittle practical effect on microdistribution of taxa.

Thus it is easy to see why the largest particles were far more erratic
variables with regard to their actual significance and less reliable
indicators of organism quantities. If an active process is at work in
distributing the smaller particles individually (as will be discussed

shortly), it is easy to see why the smaller particles have such
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significance when considering the magnitude of change in numbers of
particles necessary to measurably alter the parameters (percentage by
weight) used in this study.

Inanarea withuniformcurrent velocity, both the size of the parti-
cle the current is capable of entraining (1ifting and transporting) and
the distance the particle can be carried is inversely proportional to the
particle's size and weight. If a curve is plotted with the size, weight,
or distance carried as the abscissa and the frequency as the ordinate,
the curve will be concave and negative. In Blaine Spring Creek, where
the discharge is stable the year around and periodic scouring thus does
not occur, stream bottom disturbances which do occur result from the
entraining of smaller particles and the shifting of larger particies as
the latter lose support from around them. As the larger particles do
shift, the smaller particles in the immediate area once sheltered by
the larger particles (Hynes 1970) will now be subjected toc greater
influence of the current and possibly will become entrained. 1If the
disturbed area has a good representation of ail particle sizes (such as
the mean distribution, Figure 4a), the smaller particles will be swept
away in proportion to their size, the intensity of the current and the
degree of turbulence. The resulting substrate distribution by weight
will tend toward a unimodal curve skewed toward the larger particle

sizes (like that depicted for the "-3" phi deviation of the four lowest

percentiles in Figure 4a).
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Redeposition of particles once entrained by the current is also
inversely proportional to particle size and weight and proportional to
current velocity under uniform conditions. Larger particles tend to
break up uniform current flow, causing gradients from turbulence to
quiescence, such as the dead-water areas typically found on the down-
stream sides of large stones (Jaag and Amblh] 1964). Areas of quies-
cence tend to be receptive to deposition of particles, though the par-
ticular mechanisms involved are not fully understood {Hynes 1970). If
the areas which are receptive to deposition remain stabilized over a
period of time, they will preportionally coliect greater numbers of
redeposited particles; if such areas contain a high proportion of
larger particles, the redistribution of smaller particles in these
microhabitats will shift the oricinal distribution by weight from a
skewed unimodal distribution to one which progressively becomes bimodal
(similar to the mean distribution depicted in Figure 4a). The drop in
the curve of the mean distribution beyond size-class @[3] toward the
smallest particles is 1ikely due to two factors. First, the majority
of smallest particles picked up by the current will likely not settle
out until the average current is reduced appreciably. Such areas did
not occur in the stream sections sampled. Second, the mesh size of
the sampler net allowed some particles in the size-classes beyond p{2]
to pass through. This corresponds to the point in the mean distribu-

tion where the curve drops. The real distribution in this size range,
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if not continuing approximately Tevel or upward, would at least not
drop quite so rapidly.

The presence of smaller particles in areas with larger substrate,
therefore, do not in any way appear to influence the benthos distribu-
tion directly. Rather it is an indication of both how Tong a micro-
habitat has remained stable and its receptivity to deposition of parti-
cles. Areas without large substrate particles will, of course, receive
smaller particles too, sometimes in large quantities. But the
regression models indicated that the smaller particles and to a lesser
extent the larger particles were both related to benthos density.
Further, the models showed that a dominance of smaller particles with
few larger particles was less favorable for insect density. These
microhabitats are those areas which are less complex (Hynes 1970},
where 1ittle space and variety of habitat exists for organisms. On
the other hand, areas with a dominance of larger particles are favorable
for habitation, but the lack of smaller particles likely indicates that
the area is either not receptive to deposition, or was recently dis-
turbed and has not yet become fully colenized.

Areas receptive to deposition of substrate particles will also
likely receive detritus and food organisms. Stable groups of stones
will allow periphyton to develop on the upper surfaces. Higher aguatic
plants are allowed to anchor and develop. It appears that once an

area develops a satisfactory food regime, insects are attracted to it
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if other factors are not 1imiting. If larger substrate particles
themselves were the principle factor to success in colonization, insects
would immediately colonize these particles. Likewise, if current was
the principle factor, insects should immediately cclonize the larger
stones which provide an infinite variety of microcurrents. But organ-
isms tend to be found 1in areas where they are out of at least the direct
influence of current, and in all but poorly oxygenated streams, the
renewing of water around organisms dces not appear to be critical
(Ulfstrand 1967). Because the insects are strongly correlated to the
smaller substrate particles which are deposited with time, the larger
substrate and current factors do not appear to be of immediate impor-
tance here. The deposition of smaller particles reflects strongly on

the development of a satisfactory food regime, which appears to be the
principle factor in the development of favorable microhabitats for
insects.

The microhabitats were especially sensitive to changes in quantities
of smaller particles because it can be expected that the only particles
carried by the current were those from erosion within the stream itself.
The predictive value of this factor was enhanced by the fect that no
materials were carried into the area from above, no feeder streams
entered the area studied, and the discharge and thus velocity remained
constant year around. Alsc, gross substrate variability in the stream

areas was minimal, and phenotypically would have been considered
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uniform throughout as based on the descriptions of substrate contained
in virtually all other studies of substrate-organism relationships.

The relationship of plants, especially the moss, which were also
found correlated to smaller substrate particles have been ignored to
this point. In those regressions where both the moss and the finer
substrate particles were considered independent variables to the insect
taxa, it was the substrate which was far more significant. Because
strong simple correlations exist between moss and the smalier particles,
it becomes evident that the moss itself acts similarly to the larger
substrate by causing particles to settle from the current. Thus these
particles are a dependent variable to the moss which itself becomes
independent in this case. The initial presence of moss itself undoubtedly
adds to the stability of the substrate underneath it. In addition,
observations revealed that the moss itself anchors onto relatively
large stones which in themselves tend to be more stable.

It is now evident that the smaller substrate particles contained
in the samples were from the streambed itself within the complex of
larger particles and from that collected by the moss. While its pres-
ence from both sources indirectly and ultimately reflects on a favor-
able food regime and thus does not alter the conclusicns drawn pre-
viously about its significance, it does call for a different cutlook
on the relationship of moss as an independent variablie to insects.

This is especially true for the final nodel, regression S, where the
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strongest indicators of substrate (the Tower percentile group which
reflects on the size range of particles trapped by moss) were deliber-
ately chosen, inadvertently further minimizing the significance of

the moss. The only regression available where plants were considered
independent variables to the insect taxa, but no substrate parameters
were included, is regression T. A comparison of the £ values of taxa
significant to the plants in both regression T and regressicn S (the
latter is the same as regression R with the lowest percentile group

added) shows the following relationships (data from Table 8):
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This phenomenon occurs, as mentioned earlier, because both the moss and
the smaller substrate particles are individually significant to insects
and both are also strongly correlated to each other. Note that, instead
of the four taxa negatively correlated and cne taxa positively corre-

lated to the moss in regression S (Figure 5a), five taxa are positively
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correlated and one taxa necatively correlated in regression T. This

now closely corresponds with the observations made while sorting the
organisms. Consequently, since the smaller substrate particles collected
by the moss and dependent on it could not have been analyzed separately
from all other small particles, the significance of the moss to the
insects was minimized in the analysis because the smailer substrate
independent from the moss itseif was so strongly related to insect
density.

Autecological comsiderations. Though the approach of this study
was synecological, some aspects of the autecological relationships should
be noted here. From general observation it was noted that the moss
{(amblystegium noterophilum) primarily inhabited areas of fast current
whereas the watercress (Forippa nasturtium-aquaticum) inhabited shore-
lines where the current was reduced, or other slower water areas not
sampled. The current measurements in fact were significantly nega-
tively correlated to the watercress, but not correlated to any other
taxa. Microcurrents measured within sampled areas at the substrate
level tended to vary considerably depending on precisely where the
meter was placed and thus were inadequate measurements with respect to
precise location of most taxa. However, gross currents in areas occu-
pied by moss and areas cccupied by watercress differed enough that they
reflected on the overall range of the microcurrents measured., The

pondweed (Zannichellia palustris) was nct present in sufficient
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quantities in any of the sampled areas to make general observations on
its relationship to current.

The elmid beetle larva, Opifoservus sp., was the most strongly
correlated to the moss of all insect taxa. Both the fact that it is
a herbivore and is a clinging, non-swimming larva Tikely contribute
to this habitat preference. Most rnumerous cof the stoneflies collected
from the stream was Isoreric sp., a carnivore. Acroneuria pactfieca,
another carnivore, was also collected though in small numbers compared
to Ieoperla sp. (Table 15). Wemoura sp., a herbivore, was present in
small numbers compared t¢ 7soperia sp. in those samples examined criti-
cally. Because both Ieoperia sp. and Femowura sp. were too small to
separate teadily in guantities even under magnification, it was neces-
sary to tabulate them together as the "other steonefly" group. The
stoneflies were strongly correlated (Table 4) to other insect taxa with
the exception of Glozscsema sp. Though no analysis was made in this
study of specific food habitats of the taxa from this stream, it is
plausible that the carnivorous stoneflies were distributed within the
microhabitats primarily in relation to location of suitable prey as
long as other habitat requirements were not Jimiting.

Baetie sp. and Paruleptophiebic sp. are free-ranging mayfly genera
which can cling to substrate in fast currents (Pennak 1553). Ephemerella
infrequens, however, is more typically found clinging in crevices and

undersides of stones. ATl three genera are herbivorous, feeding on algae
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and tissues of higher aquatic plants. Though no variables were signifi-
cantly correlated to Baetis sp. in any of the regression analyses, this
genus showed simple negative correlaticns to each of the percentiles. In
addition, its relative numerical proportion at station 3 (Table 15), which
contained the greatest proportion of large substrate particles (Table 13),
was high. And, except for Glossosoma sp., its occurrence on those rocks
scooped from the sampler was proportionally greater than any other insect
taxon (see The sampler used in this study in the Appendix). This evidence
plus the fact that nothing was correlated to it in the regression analysis
reflects on its free-ranging behavior and ability to move quickly from
place to place, thus allowing it to randomly disperse itself and inhabit
more areas than any of the other taxa. Paraleptophlebia Sp., on the other
hand, showed sigrnificant correlation to the moss. Ephemerelia infrequens
showed significant negative correlation to the watercress, likely reflect-
ing on its craw!ing behavior among stones.

Distinct differences were noted between Glossosoma sp. and the other
two caddifly genera, Fhyacophila sp. and Cehrotrichia sp. Glosscsoma SP. s
a stone case-builder which attaches its cases to urdersides of larger
stones, was negatively correlated in numbers to the other two genera.
Consistent with its observed habitat, it showed the most distinct trend
toward negative correlations to smaller substrate particles, and positive
correlation to the larger particles. The other caddisflies showed a

general though less distinct trend in the opposite direction. Also,
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The degree of significance attached
part to the particular stream studied. Also,failure fo recognize that
factors tend to vary in paralie? faspion because they are inferrelated
{UTfstrand 1962) has also led to some of the discrepancy. Most
researchers throughout the period, however, would be in agreement with
the propositicn stated by Cummins {1964} that, within the framework of
certain factors which influence macrodistribution {distribution of
organisms over orossly different sacticns of sireams or even adjacent

streams ), other fartors cperate under the conditions Impoesed by those

influencing macrodistivibution o reguiate io0calize
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organisms. As indicated in the introduction, those factors generally
considered to exert a more uniform effect over gross sections of a
stream inciude the direct or indirect effects of temperature, chemical
properties of the stream, oxygen content, and altitude. Under this
framework, factors attributed to producing the non-random distribution

of benthos in localized areas (Table 1) are substrate characteristics,
current velocity, food distribution, shading versus direct illumination,
oxygen concentration when near minimal tolerance to organisms, and

depth,

The interaction of habitat variables attributed to influencing
microdistribution are compliex, and the investigators Tisted in Table ]
and others have proposed various interactions of the particular factors
they investigated with the benthos. Interactions of these factors plus
those elucidated in this study are presented schematically in Figure 6.
Because of the variability of different streams, not all of these may
be significant or operable in each stream.

Interrelationships with substrate are perhaps the most varied
(Figure 6). Substrate provides habitat space for foraging and protection
against predators, a place for deposition of food substances, a place for
periphyton growth and attachment of higher aquatic plants, and a2 place
where the current is broken up into a variety of microcurrents and tur-

bulence. Under special conditions, its character determines the success

with which certain organisme can burrow into it and the corresponding
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benthic ecology. They, along with Moon {1939} and Thoroup (1966}, point
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out that substrate not only dnteracts with most othe
but it alsp is relatively easy to nhysically aralyze comparad to the
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others. The problem with previous studies on substrate is that, except
for Cummins' {19647 work with twe species of caddisfiies, no researchers
have made detailed analyses of the substrate precisely from where the
organisms were collected, In most earlier studies, the phenotype

o

{superficial appearance! of areas have been used to svaluate the effect
o ]

1 L

of substrate on microdistribution. This tvoe of zpproach necessitates

habitats which are superficially different. The potential that other,

perhaps unknown or unreccgnized, factors will enter in is thus greatly

increased. Most of the more recent studies have used more refined



methods, generally either measuring the dimensions of the Targest stone

he larger stones above a given
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in the area, or one dimension of all
size. The problem here is that much of the relatively larger material
and all of the smaller particles are stil] fgnorad. In this study,

critical grading of the subsirate portion of the samples and detailed

anatysis of the data showed that superficially identical areas of sub-

£

strate can differ considerabiy, and such differences can be related to
variations in benthos density.

The macro- and micro-currents of a stream determine the size and
distribution of particles, the distribution of detritus and other
organic matter, and the renewing of water around organisms located in
boundary lavers or deadwater aveas (Figure 6. Considerable attention
was paid by researchers, especially in earlier publications, to the
potential influence of the current in mechanically dislodging organ-
isms from substrates where the full force of the current came into direct
contact. According to these studies, this alleged influence was the
basis of its significance over other effects of current shown in Figure
6. More recent concepts of boundary Tayers and turbulence (Jaag and
Amblihl 1964, Eriksen 1968, Ulfstrand 1967) generally dismiss the older
concept of the current’s mechanical influence as & significant factor
except under extreme conditions. It is now suggested that the boundary
Tayer of relatively quiet water which extends above substrate particies

is generally at least as high as the orcanism iiself, and has Tittle
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cerr@?atien to the current directly above it. The significance of
reagration by currents also may be over-emphasized. Ulfstrand (1967)
points out that, unless a stream’s oxygen concentration is near minimal
tolerances, the concentration of oxygen anywhere within the habitat
space of the organisms is well within Timits and is not a critical
factor in most streams. Thus the assessment from the most recent
studies {s that microcurrents themselves are of fess significance than
formerly attributed with regard to its mechanical influence and aeration.
They still retain their significance in deposition of food and other
particies to specific locations, and on a larger scale in determining
the make-up of the substrate composition {Macan 1967;.

The food factor is one that 1s often ignored, and in all but the
most recent studies, has been neglected with regard to specific distri-
bution of benthos. Ulfstrand {18967 points out that, of the three fac-
tors -- substrate, current, and food ~- attribuited to be most significant
in all but special situations, substrate and current can probably be tol-
erated under sub-optimal conditions more readily than can food. Yet, the
food factor is perhaps the most difficult to assess with regard to micro-
distribution since it would reguire determining specifically what organ-
isms are feeding on and in which specific habitats. Use of laboratory
streams in conjunction with field studies certainly appears to be a
promising solution here.

Other factors occasionaliy are atiributed to influencing
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microdistribution. Depth has occasionally been shown to be correlated,
but static pressure is not a factor at shallow depths {Ulfstrand 71967).
Correlation of depth to microdistribution is likely due to its own
correlation to some other factors more directly related to the organisms,
such as its effect on limiting light for algal growth or behavioral
aspects such as emergence near shorelines. Hughes {19665) found that
for two species of mayfly nymphs, the effects of vegetative shading on
microdistribution were due primarily tc responses to Tight stimuli,
rather than indirectly through influence on algal agrowth or temperature,
or by deposition of allocthonous teaf detritus.

From their evaluation of the use of laboratcry streams in the study
of microdistribution, Cummins and Lauff {1969) suggested the concept of a
hierarchy of factors which affect microdistribution. Ulfstrand (1967,
1968) similarly suggested that factor combinations, rather than single
factors alone, must be considered, and urged that methods for analyzing
these factors as a group be found. It is quite plausible, and demon-
strated to some extent from the most recent published research and in
this study, that the particular hierarchy is variable not only in differ-
ent streams but within comparatively localized sections of the same
stream. Anyone of the three principal factors -- substrate, food or
current -~ can be limiting no matter how favorable the conditions of the
other two might be. If none are critically limiting, as would te
expected in most situations, then the interaction of at Teast three

factors should be considered to determine which is dominant.



Opinion varies as to which factor deminafes overail within the inter-
actions of factors. Each factor has its proponents, which reflects con-
siderably on the specific stream systems with which the researchers are

familiar. Among the more recent studies, Cumming (1962, 1965) favors the

g

substrate factor, though he does not minimize the significance of food

Though this preference for substrate is related fo the practical aspect
that it is the only principle factor which can readily be measured in
natural habitats., he as well as Thorup {1966} also note that substrate

has many interrelationships with other factors of the environment.
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Scott {1958}, Jaag and Amblihl {1964), and 2 majority of European
researchers {Kamler and Riedal 1660} feel £

based on the primary interactions of
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important factor, though thi
current with more direct factors [Figure £). Jaag and Amblhi admit,
however, that current is insignificant in the boundary layers which the
organisms inhabit. Ulfstrand (1967} favors the feod factor because, as
mentioned above, 1t can be tolerated under sub-optimal conditions to a
lesser degree than can current or substrate type. in my study. current
appears to be the least significant of the three main factors at the

oring Creek, the general

L

immediate level of the organisms. In Blaine
current does not vary seasonally like most streams, and consequently does
not have periods of greatly increased flow which can scour established

habitats. FEecause this was & headwater section of the stream

without vegetative shading. very Tittle allocthonous detritus entered or
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was contributed here. Thus, current does not function to distribute
organic matter other than relatively minor amounts released by the
stream itself. Therefore, in the headwater section of Blaine Spring
Creek, it is the interaction of the establishment of stabie substrate
with the development of a suitable food regime which appears to dominate.
If these areas of stable subsirate provide the minimal reguirements for
space and protection, it is the availability of suitable food sources
which ultimately recuiates microdistribution in this stream.

The study showed that a detailed analysis of substrate size com-
position as suggested by Cummins (1962, 1964, 1966), Cummins and Lauff
(1969) and Thorup (1968) can be used to elucidate its effects opn micro-
distribution., Secondiy, this study integrated all recognized and
measured variables with each other and related their influence to
microdistribution. Eriksen (1966) makes the plea that, because gross
measurements of the envirornment are of 1ittle value to the understanding
of the microenvironment, the parameters within the microchabitats of the
given organisms must be determined. Admittedly, the stream in this
study was chosen to minimize variability of factors typically more
variable in most other streams to reduce the complexity of analysis.
However, Allen (1959) suggests that the proper approach fo such studies
is to choose a stream with minimal variaticn in all but the prime

factor to be considered.
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A logical follow-up to this study could invoive several aspects.
First, it would be interesting to analyze the results from carefully
placed trays of variously graded substrate within the stream studied
to determine if the original distributicn of substrate particles does
evolve with time in the manner hypothesized. Second, it would be inter-
esting to apply the metheds of analyses used in this study, namely the
jntegration cf all potential variables with a multiple regression
analysis, to a stream which has more variation in other factors than
found here. And third, it would be interesting to analyze the distri-
bution of organisms in laboratory streams where the magnitude of the

various factors could be carefully controlled, and the movements of

organisms directly observed.






APPENDIX
The sampler used in this study

Data compiled separately from the net and bucket portions of the
sampler {see Methods and Materials) show that the following percentages

of each taxon were obtained from each portion:

net bucket net bucket

PLANTS 72.85 27.15  Ephemeroptera 70.77  29.23

4. noterophilum 72.57 27.43 E";a%_”}iri(;"{e?s égzé i?}gg
R. nasturtiun-aquct. 82.08 17.92 ;aiéiépﬁg; ' '

Z. palustris 80.14 19.86 phichia Sp. 84.29  15.71

Trichoptera 57.59  42.41

DTS nae gss oo s Lo S

Plecoptera 75.28 24.72 Ekyacophila sp. 52.23 47.77

A pacifica 71.31 28.€9 Coleoptera:

otrer stoneflies 75.39 24,861 Opticservus sp. 72.90 27.10

No deliberate attempt was made to dislodge all of the organisms into
the net, as it was desirable tc complete the sampling process within the
shortest possiblepericd of time. Even so, over 70 percent of both plant
and insect guantities were collected in the net. With a little more
effort, however, it should be possible to dislodge vér}ua]?y all of the
organisms by thoroughly scraping and rubbing all rccks before placing
them in the bucket. Also, some vegetation was deliberately placed into
the bucket rather than being allowed to flow into the net if its presence
would have tended to clog the net. This sampier (Figure 2) has the advan-

tage over a Surber-type in that no backwash due to the resistance to flow
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can occur around the sides, thus preventing the escape of organisms,
Though weights on the platform were not used while sampling in the study
area, the sampler was modified so that bricks could easily be added as
needed to both sides of the platform to give it greater density and sta-
bility in swifter or deeper water.

A recent publication by Mundie {1971) describes a sampler designed
for use by aquatic biologists (especially those interested in substrate
size distributions), as well as by fish biologists and geomorphologists.
The frame is rectangular with a tapered portion extending from cone side
to be pointed intc the current to minimize resistance. Current can be
requlated to reduce backwash with a sliding gate at the end of the
tapered section. A coarse net is inserted inside a finer net on the
downstream side of the sample. This system roughly grades the contents
and allows retention of finer particles than otherwise would be pos-
sible without causing backwash. In use, the sampler is placed on the
substrate and gravel is piled around it to prevent materials or current
from escaping underneath. An optional frame with the same shape as the
sampler bottom can be implanted into the streambed and the substrate
inside allowed to recolonize before placing the sampler on it.

The advantages of Mundie's sampler is the streamlined design and use
of the double net. The method of sealing the sampler at the bottom, how-
ever, seems questionable, especially for use in a stream such as the one

I sampled. Though Mundie's method of piling substrate arcund the edges
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may work well with finer substrate material, more difficulty would occur
in trying to seal it in coarse substrate. It would not appear to be
adequate where it is desired to retain all substrate particles. Mundie
states that this method is superior to those types of samplers using a
strip of foam rubber, apparently meaning a narrcw strip around the peri-
meter. My sampler (Figure 2) uses a section of foam rubber which is
20 cm wide from the edge of the cpening in the middle to the edge of
the platform. It presented no problem whatever during the study in
preventing the current from flowing underneath the foam rubber itself.
In evaluating the two samplers, it would appear that the basic
design of Mundie's sampler, which does offer some advantages (though
mine was thoroughly adequate for purpose it was designed) could be
adapted to a platform such as on my sampler. In fact, it would seem
possible to adapt it so that a piatform with the attached foam rubber
could be added or removed as desired, thus retaining the advantages of

both designs.
Multiple regression analyses in stream benthos studies

In virtually all studies which have been conducted on the microdis-
tribution of stream organisms, a certain variable or variables were
chosen for study and others were generally ignored. Graphs or simpie
correlations were chosen in most cases to demonstrate the relationship

which existed between an independent variable and the dependent variable.
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The most thorough analysis of factors found in 211 the studies on micro-
distribution was that made by Egglishaw (1969) who derived partial devi-
ations from the relationships of the insect numbers to the amount of
detritus, the sample depth and the length of the largest stone in the
sampling area. The fallacy with simpler analyses is that variables
operating within the habitat are not considered to be related to each
other or if the relationships are recognized, they are ignored. Relation-
ships certainly do exist {Figure 6) and certain variables may parallel
other variables which have a more direct relationship to the actual
organisms considered {Ulfstrand 1967). A multiple regression analysis,
however, compensates for relationships between related variables by
holding each of the independent variazbles at its mean while other vari-
ables are analyzed. Several examples exist in the study to demonstrate
this where the results from the simple correlation matrix differ con-
siderably from results obtained in the multiple regression analyses.

This approach alse allows for compensation ¢f unavoidable variations
which are not of direct concern in a study. In this study, time and sec-
tion variables were included respectively to compensate for seasonal
variation and unmeasured variation between the sections sampled. Anocther
use of multiple regression analyses is the determination of which of
several variables or groups of variables describing the basic source of
variation have the greatest relation to independent variables. In this

study, substrate was described by several variables tc determine which
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most adequately described the influence of the distribution. Since all
of these variables were correlated as expected to each other, the sig-
nificance of any cne parameter was diffused over all parameters. In
such a circumstance, it is possible that few or none of the parameters
will individually show significant ¢ statistics. However, an ¥ test
(Table 10) on the group of parameters in question will determine whether
the group as a whole has significance, just as the ¢ statistics will
indicate significance if only one parameter is used.

The multiple regression analyses indicated why organisms should be
divided into the lowest taxa possible for analysis. For example, results
for the plant species and the caddisfly genera were often opposite be-
tween the lowest taxa. Analysis of the higher taxa in both cases fre-
quently showed that the opposite effects of lower taxa tended to cancel
each other out, resulting in apparent insignificance of certain vari-

ables.
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1 2 3 4 5 g 7 & combined
5 .2328 3322 1578 2682 3933 5117 2150 2657 2849
4 L8250 5867 L1311 3124 7878 1.435 4628 8617 5904
3 3.810 2.819 8211 1.2206 2.531 6,805 1,499 3.21Z 2.7751
2 v 454 T.868 L.027 4,730 5,985 15,08 3.590 4,634 6,282
1 4. 267 5,102 2.418 6,823 6.337 TTT 4100 4,439 5,775
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~1 5,890 5,046 4,312 5.641 4,822 3,285 3.902 35.582 4,569
-2 7685 5.742 6.274 7.211 7,464 3.638 4.732 5,262 5,993
-3 15.88 7.696 10,41 9,764 11.98 6,432 7.643 8.734 9.755
-4 19,96 18.33 19,64 20,08 21.72 14,13 17.78 17.05 18,58
-5 20,38 26,88 25,90 28,66 21,80 20.82 31.11 25.00 24,80
-5 7.833 7.226 24,78 9,072 5.803 10,47 19,65 19.29 13.53
-7 0,000 0,000 0,000 0,000 .86G78 2,672 0,000 2,867 .8115
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Table 16, sultiple regression mode] — regres-
ats based on the individuaily sam-
gssion coefficie (b used in the
1Ta (Yo = Y. + ba(X7 - X4} 4
should be multiplied by 20.37
t or plant gquantity is Tike-
are meter. One excepbion i
es b convert nd
e, ] fic
.97 ~ ho14

BRIl
?‘%;‘s

I

ECTS (%

Computed
+ valusg

Std.error
ragyr.coef.

Yariiat

correiation

independent i,
variable f

el

i

.
52
[
R

&

Ly
O

A, noter 21,07 L7 38s 1.737 B4B4
E. £, 4477 -24 03 11.44 -7, 100
z. PG ~35. 64 14_4¢ -2, 747
{1,25th 4,153 176, Bn 724 2.165

percentiles zgi 2,995 13,3 84.86 -« 1968
Lih 1,749 Z wd B B6.53 Y4 Ve

Toin 1,403 z 504 BE.79 V1064

FER IR N TR ¢ R v R I o v B e QR g R

0000 - 4538 -279. 49.04 ~5.690
-0000 2042 114 49.03 2.332
dummy variables Tor 000G -. 2986 -178. 50.95 «3.498
stream section ~.69930-02 .3824E~01 21.2 49.88 L4278
variability . 0000 -.1579 -85.1 £7.632 ~1.788
. 0000 .3292 183. 49.7 3.897
.0000 .4676E-07 26.7 51.04 L5233
Tinear $.538 -~ 5151 -268.7 39.92 ~-6.718
time quadratic 117.9 L4743 79.56 4.847 5.108
cubic 1635 - 4342 -, 9030 L1675 -5.320
intercept = 570.¢  F squared = G.8227  std. errer (sy,z) = 210.1
ANALYSIS OF ¥
Source a.r 8.5, M.5, F Value
Due to Regression 17 L 9T0560E+07 535623 12.137%
Residual 125 .BeiezzEsl/ 44128,7
fotal {n = 143} 147 J146238E+08
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Table 16 {continu
)} Aderoneuria pa ‘M 2.133;
Maan Partiai Regr. Std.error Computed
B correlation  coef. regr.coef. ¢ value
A, 21.407 L1284 J1874E-07 1315000 1.425
R. ALPT - 4007001 - 585ZE-01 L1323 - 4483
z. L1769 - 5925E-01 -.1109 L1672 -.56636
4,153 -, 1344 -1.021 L6734 -1.816
Z.855 .9196E-01 1013 .9813 1.033
é?“{:é 2 el ] P - -5 -
percent 1.759 1721 1,955 1.00 1.953
1.003 -, 2045 -1.537 . 65867 -2.340
0o00 -.6088E-01  -.3863 . 567 ~. 6821
. G005 L2588 1.703 (5669 3.005
dummy variables for LOa0D LBIO0E-O G427 L5889 7508
stream section -.6892E-07 -.25470-01 -, 1838 L5768 -, 2842
variability L0000 ~, 1414 -. 8794 . 5508 -1.59%6
RELES -. 1352 -. 8781 L5754 -1.526
L0000 - 4946E-01 ~.3268 5902 .5536
tinear 8,538  -.2976E-01 ~.1537 L4618 -.3329
time guadratic 117.¢ JFEZZE-OT L4911E-07 5599E-00 8772
cubic 1635  -,G480E-01 ~.2063E-02 .1937E-02  -1.065
intercept = 6648 & sguared = (2892 std. erver (sp,z) 2.429
BHNALYSIS OF VARIANCE FOR THIS REGRESSION
Source 4.7 5.5, M5, 7 VYalue
Due to Regression 1 314,907 18,5238 3.13928
Residual [z 737.574 5.90059
Total {n = 143} 4 105248
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Table 16 (continued)

f) Ephemerella infrequens (g;o = 71.83)

Independent Mean Partial Regr. Std.error Computed
variable correlation  coef. regr.coef. value

A. notercphilum 21.07  -.4306E-01 ~.2064 .4280 -.4822
R. nasturtium-aquat. L4427 -, 1397 -6.795 4.307 -1.578
Z. palustris 1769  -.8916E-01  -5.446  5.442 -1.001
C.25th 4.153 L2003 50.12 21.92 2.286

. 1st 2.995 -.2531E-01 -5.044 31.94 -. 2831
percentiles iy 1,798 .1691E-01  6.157  32.57 11890
. 10th 1.003  -.8153E-01 -19.55 21.38 -.9145

.0G00 ~.3049 -66.07 18.46 -3.579

. 0000 L5975E-01 12.35 18.45 .6692

dummy variables for . 0000 ~.2321 -51.13 19.17 -2.667
stream section -.6993F-02 .6550E-01 13.78 18.78 .7339
variability G000 -.3401E-01 -6.823 17.93 -.3805

. 0000 .2537 54.91 18.73 2.932

.0C00 .2590E-01 5.565 19.21 .2896

Tinear §.538 -.6225 -133.6 15.02 -8.892

time quadratic 117.9 .5333 12.85 1.823 7.049
cubic 1638 -.4492 -.3545 .6306E-01 -5.621

B

intercept = 257.9 R squared = .5847 std. error (sy,x) = 79.07

ANALYSIS OF VARIANCE FOR THIS REGRESSION

Source d. 1. 5.3, M. 5. F Value
Due to Regressicn 17 10056407 64714.9 10.3502
Residual 125 781564 6252.51

Total {n = 143) 142 .188172E+07
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Table 16 {continued)

g} Baetis Sp. (Xﬁo' = 20.33)

Independent Mean Partial Regr. Std.error  Computed
variable correlation coef. regr.coef. ¢ vajue

A. noterophilum 21.07 L42156-01 .7210E-01 .1529 .4716
R. nasturtium-aquat. L4427 -.1020 -1.764 1.538 -1.147
Z. palustris .1769  ~.6003E-01  -1.307 1.943 -.6723
0.25th 4,153 .5992E-02 .5245 7.829 .06699

. 1st 2.995 .3663E-01 4.675 11.41 .4098
percentiles gy 1.799  -.1393  -18.30  11.63 -1.573
10th 1.003 .1109 9.528 7.635 1.248

. 0000 -.1876 -14.08 6.592 -2.135

.0000 -.1136 -8.426 6.591 -1.278

dummy variables for L0000 -.8137E-01  -6.249 6.846 -.9128
stream section -.6993E-02 .4656E-01 3.495 6.706 .5212
variability .0000 .4365E-01 3.128 6.404 .4885

. 0000 .6099E-02 L4562 6.689 .06819

.0000 -.2004E-01 -1.538 6.862 -.2241

linear 9.538 -.2241 -13.79 5.366 -2.570

time quadratic 117.9 ,2208 1.648 .6509 2.531
cubic 1635 -.2056 -.5292E-C1 2252E-01 -2.349

.2806 std. error (sy,x) = 28.24

intercept = 44.45 R squared

ANALYSIS OF VARIANCE FOR THIS REGRESSION

Source d.f. S.8. M. 3. F Value
Due to Regression 17 38891.2 2287.72  2.86853
Residual 125 99690.3 797.522

Total {n = 143) 142 138582
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h) Paraleptophlebia SPp. (E;o = 11.29)

Independent Mean Partial Regr. Std.error Computed
variable correlation coef. regr.coef. ¢ value

A. noterophilum 21.07 .3843 .3475 .7467E-01 4.654
R. masturtium-agquat. L4427 L1344 1.139 L7513 1.517
Z. palustris .1769  -.1868E-01  -.1983 .9493 -.2089
0.25th 4.153 .2194 9.615 3.824 2.514

. 1st 2.995 -.5659E-01  -3.531 5.572 -.6337
percentiles  gyp 1.799  .2471E-01  1.570  5.682 L2763
10th 1.003 -. 1047 -4,388 3.729 -1.177

.0C00 .1605 5.855 3.220 1.818

.0000 .7489E-01 2.703 3.219 .8397

dummy variables for .0000 -.2382E-02 -.8907E-01 3.344 -.02664
stream section ~-.6993E-02 .369CE-01 1.352 3.275 .4128
variability .0000 .5205E-01 1.823 3.128 .5828
.0000 -.1699 -6.299 3.267 -1.928

. 0000 -.1706 -6.488 3.352 -1.936

linear 9.538 -.3171 -9.799 2.621 -3.739

time quadratic 117.9 .2570 .9453 .3180 2.973
cubic 1635 -.1817  -.2272E-01 1100E-01 -2.065

intercept = -5.279

k squared = .4496

std. error (sy,x) = 13.79

ANALYSIS OF VARIANCE FOR THIS REGRESSION

Source ... d.f. 5.5, M. S, F Valuye
Due to Regression 17 19431.3 1143.02 6.00717
Residual 125 23784 .4 190.275
Total (n = 143) 142 43215.7
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Table 16 (continued)

i} Trichoptera (f%o = 44,94)

Independent Mean Partial Regr. Std.error Computed
variable correlation coef. regr.coef. ¢ value

A. noterophilum 21.07 ~-.2733 -.6656 .2095 -3.177
E. nasturtium-aquat. L4427 L2131E-01 .5023 2.108 .2383
Z. palustris L1769 -.2258 -6.901 2.664 -2.591
0.25th 4.153 .2543E-01 3.051 10.73 .2844

. Ist 2.995 -.3576E-01 ~-6.255 15.64 -.4000
percentiles g 1,795  .8282E-01  14.81  15.94 19292
10th 1.003 .2279E-01 2.667 10.46 .2549

. 0000 -.1660 -17.01 9.035 -1.882

.. .0000 -. 1471 -15.02 9.033 -1.663

dummy variables for .0000 ~.9510E-01 -10.02 9.383 -1.068
stream section -.6993E-02 .3884E-01 3.994 9.191 .4346
variability . 0000 -.1922 -19.21 8.777 -2.189

. 0000 L1467 15.20 9.168 1.658

. 0000 .2238 24.14 9.404 2.567

Tinear 9.538 -.2462 -20.89 7.354 -2.840

time quadratic 117.9 L2845 2.960 .8921 3.317
cubic 1635 -.2928 -.1057 .3087E-01 -3.423

1]

intercept = 81.82 R squared = 0.3348 std.error (sy,x) = 38.71

ANALYSIS OF VARIANCE FOR THIS REGRESSION

Source d.f. 5.8. M. 5. F Value
Due to Regression 17 94257.0 £5544.53 3.70106
Residual 125 187261. 1498.09

Total (n = 143) 142 281518.
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Table 16 (continued)

j) Ochrotrickia sp. (X = 25.92)

Independent Mean Partial Regr. Std.error Computed
variable correlation coef. regr.coef. ¢ value

A. noterophilum 21.07 -.2191 -.5045 .2010 -2.510
R. nasturtium-aquat. L4427 .8205E-01 1.861 2.022 . 9205
Z. palustris L1769 -.1552 -4.487 2.555 ~-1.756
0.25th 4,153 ~,6251E-0] -7.208 10.29 -.7002

. 1st 2.995 .1452E-01 2.435 15.00 L1623
percentiles g 1.799  .4234E-01  7.246  15.29 .4738
10th 1.003 7511E~01 8.453 10.04 .8421

0000 -.9019E-01 -8.775 8.667 -1.012

. 0000 -,1281 -12.52 8.665 -1.444

dummy variables for L0000 -.8513E-01 -8.599 g.001 -.9553
stream section -,6993E-02 -.1311 -13.04 8.817 -1.479
variability .0000 ~-.1862 -17.84 8.419 -2.119

. 0000 .1483 14.74 8.795 1.676

. 0000 .2523 26.30 9.021 2.915

linear 9.538 -.2336 -18.95 7.055 ~2.686

time guadratic 17.9 L2761 2.748 .8558 3.211
cubic 1635 ~-,2880 -.9955FE-01 .2961E-01 -3.362

it

intercept = 77.44 R squared = 0.3582 std. error (sy,z) = 37.13

ANALYSIS OF VARIANCE FOR THIS REGRESSION

Source d.f. S. 8. M. 3. F Value
Due to Regression 17 96171.1 5657.12 4.10356
Residual 125 172324, 1378.59

Total (n = 143) 142 268495,
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Table 16 (continued)

k) Glossosoma sp. (XﬁO- = 11.22)

Independent Mean Partial Regr. Std.error Computed
variable correlation coef. regr.coef. ¢ value

A. noterophilum 21.07 -.2326 -.1693 .6332E-01 -2.673
R. nasiurtium-aquat. L4427 -.1014 -.7259 .6371 -1.139
Z. palustris .1769 ~.1618 -1.476 .8050 -1.834
0.25th 4,153 3171 12.12 3.243 3.739

. Tst 2.995 -.2368 -12.88 4.726 -2.725
percentiles gy 1.799 11602 8.786  4.819 1.815
10th 1.003 -, 1476 -5.278 3.162 ~1.6£9

.0000 -.1968E-01 -.6009 2.731 -.2200

0000 L1236 3.802 2.730 1.393

dummy variables for .0000 -.1395 -4.467 2.836 -1.575
stream section -.6993E-02 .3564 11.85 2.778 4.265
variability L0000  -.5494E-01 -1.632 2.652 -.6151
L0000 -.7541E-01 -2.343 2.771 -.8455

.0000 -.1033 -3.299 2.842 -1.161

linear 9.538 -.5654E-01 -1.407 2.223 -.6331

time quadratic 117.9  -.17%4E-02 -.5409E-02 .2696 -.02006
cubic 1635 .2626E-0T1 .2740E-02 9329E-02 .2937

0.4010 std. error (sy,x) = 11.70

H

intercept = 4.273 R squared

ANALYSIS OF VARIANCE FOR THIS REGRESSIGN

Source d.f. 5.9, M.S. F Value
Due to Regression 17 11448.5 673.443 4.92159
Residual 125 17104.3 136.834

Total (n = 143) 142 28552.8
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Table 16 {continued)

1) Rhyacephila sp. (E;o = 7.797)

Independent Mean Partial Regr. Std.error Computed
variable ‘ correlation coef. regr.coef. ¢ value

A. noterophilum 21.07 L1931E-01  .8175E-02 3787E-01 .2159
R. rasturtium-aquat. L4427 -. 1471 -.6333 .3810 -1.662
Z. palustris .1769 -.1718 -.9384 L4814 -1.949
0.25th 4.153 -.8571E-01 -1.865 1.939 -.9619%

. Ist 2.995 L1314 4.189 2.826 1.482
percentiles g4y 1.799  -.3653E-01 -1.178  2.882 . 4087
10th 1.003 -.2404E-01  -.5085 1.891 -.2689

.0000 -.3856 -7.629 1.633 -4.672

. 0000 -.3265 -6.305 1.633 ~3.862

dummy variables for .0000 .1585 3.043 1.696 1.794
stream section -.6993£-02 . 2689 5.184 1.661 3121
variability . 0000 .1475E-01 .2616 1.586 .1649

. 0000 .1496 2.803 1.657 1.692

.0000 .5994E-01 1.141 1.700 .6713

linear 9.538 -.3558E-01 -.5290 1.329 -.3980

time quadratic 117.9 .1194 .2168 L1612 1.344
cubic 1635 -. 1407  -.8865E-02 5579E-02 -1.589

intercept = 0.9808E-01 & squared = 0.4553 std. error (sy,x) =6.995

ANALYSIS OF VARIANCE FOR THIS REGRESSION

Source d.f. S.8. M. S, F Value
Due to Regression 17 5112.45 300.732 6.14575
Residual 125 6116.67 48.9333

Total (n = 143) 142 11229.1
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Table 16 {concluded}

m) Coleoptera: Optioservus Sp. (E%O = 186.8)

Independent Mean Partial Regr. Std.error Computed
variable correlation coef. regr.coef. ¢ value

A. noterophilum 21.07 L1123 .8291 .6564 1.263
R. nasturtium-aquat. L4427  -.9628E-01  -7.143 6.605 -1.082
Z. palustris 1769 -.1973 -18.78 8.345 -2.25]
0.25th 4,183 L1122 42.45 33.62 1.263

. Tst 2.995 .3405E-01 18.66 48.99 .3809
percentiles gy 1.79%  -.9418E-01 -52.83  49.95 -1.058
10th 1.003 L1273 47.03 32.78 1.435

.0000 -.3689 -125.6 28.31 -4.438

.0000 .3044 101.1 28.30 3.573

dummy variables for .0000 -.2418 -81.8%9 29.40 -2.786
stream section -.6993E-02 -.2535E~-01 -8.164 28.7% -.2835
variability .0000 -.1623 -50.56 27.50 ~1.839
.0000 .2631 ' 87.56 28.72 3.049

L0000 ~.1182E-02 ~.3892 29.46 -.01321

linear 9,538 -.3469E-01 -8.942 23.04 -.3881

time quadratic 117.6 .3795E-01 1.187 2.785 .4246
cubic 1635 -.4817E~01 -.5215E-01 9671E-01 -.5392

0.5849 std. error (sy,x) = 121.3

1]

intercept = 73.19 F squared

ANALYSIS OF VARIANCE FOR THIS REGRESSION

Source d.f. 5. 8. M. S, F Value
Due to Regression 17 .258942E+07 152319. 10.3592
Residual 125 .183796E+07 14703.7

Total (n = 143) 142 .442738E+07
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